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AAbstract 0m

0
Analytical and computational models of fiber reinforced compositeo

materials are constructed using a mathematical procedure called ho-
mogenization. The procedure is systematic; i.e., one can estimate the
precision of the approximations to the field equations of the compos- x
ite. Moreover, it retains interaction effects due to the microstructure 1
of the composite in the macroscopic approximations. A software sys-
tem, 4eMCAP, based on finite element methods implements the method-
ok ,y for evaluation of macroscopic effectiv.w moduli of the composite
and for computation of the microscopic stress and strain fields acting
at the fiber-matrix interfaces. The software system is designed for easy
use by engineers who need not be familiar with the underlying analyt-
ical techniques. Interaction takes place through a menu-driven control
structure which requires specification of the material properties of fiber
and matrix and of the "geometry" of a typical cell of the composite.
The homogenization method produces an effective parameter model of
the macroscopic behavior of the material (longitudinal and transverse
Young's moduli, Poisson coefficients, etc.), and a description of the mi-
croscopic distributions of stress within the cell - especially at the fiber-
matrix interface. The system can treat composites with various fiber
shapes and packing arrangements. It can also treat multi-ply laminates.
The program, written in Fortran, is fast and efficient. Extensions of
the work to encompass dynamical phenomena such as the propagation
and dispersion of stress waves, thermal properties, and estimation of the
onset of fractures are also discussed.
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1 Introduction and Project Summary
0

The objective of this project is the development of analytical methodology im- F

plemented in a software tool for the modeling and design of composite materials. 9
Our ultimate objective is to provide a software system for engineering level eval-
uation of composites in a form which is easy to use, reasonably comprehensive, X

flexible, extensible, portable and computationally efficient. To this end we have z
developed a prototype program for the evaluation of effective elasticity moduli for

fiber-reinforced composites which includes the capability to compute an approxi-
mation to the microscopic distribution of stresses at the fiber-matrix interface.

1.1 Modeling Composite Materials

Direct computation of the detailed behavior of composites under loads is virtu-
ally impossible using conventional methods, including sophisticated finite element
codes. This is a consequence of the large number of degrees of freedom in the
heterogeneous material. A computational procedure which has proven useful is to
derive a model representation with material coefficients which do not vary (rapidly)
in spatial variables - in effect to find a homogeneous material whose macroscopic
behavior approximates that of the composite in a specifc context. Many techniques
have been used for the derivation of homogeneous, continuum approximations of
composite materials.1 In this report we shall focus on the homogenization method,
particularly as developed in [5,6,7] and in the general sources [12,35,65]. This is
a powerful mathematical technique for the analysis of physical systems in which
there are two or more scales upon which spatial or temporal (or both) phenomena
occur. In a composite medium the natural scales are the small (microscopic) scale
of interfiber spacing in fiber reinforced materials, or the mean free path length be-
tween particles in particle reinforced composites; and the large (macroscopic) scale
characterizing the overall dimensions of the structure formed by the medium.

This report presents two basic results from application of the homogenization
method to the analysis of fiber-reinforced composite materials:

1See among many other references [1,2,3,22,23,74].



m

SEI-TR-87-05 Systems Engineering. Inc. 2
00
C

1. When the period (dimension) of a basic "cell" of the periodic structure ap-
proaches zero, the fields of deformations and stress of the composite tend to
those corresponding to a homogeneous (anisotropic) structure. The complete
set of moduli for the homogenized structure can be computed in terms of the z
elastic moduli of the constituents (fibers and matrix) and the parameters de-
scribing the geometrical layout of a single "period" or "cell" of the composite
structure. Z

2. By retaining additional terms in the homogenization asymptotic analysis, we
can develop a picture of the local distribution of stresses in the material,
e.g., at the interfaces between the fibers and matrix. (See Figure 1 and the
examples in Section 4.)

The homogenization procedure is systematic; i.e., one can estimate the precision
of the approximations to the field equations of the composite. Moreover, unlike the
"rule of mixtures," it retains interaction effects due to the microstructure of the
composite in the macroscopic approximations. Numerical evaluation of both the
homogenized moduli and the distributions of local stresses can be based on finite
element analysis of elliptic partial differential equations.

The homogenization procedure is general in the sense that it can treat both
materials with a regular, periodic infrastructure and materials with a random in-
frastructure. The general form of the analysis is similar in both cases, as is the form
of the expressions for the effective parameters in the approximations; of course, the
details of the derivations are quite different. 2

In this Phase I project we have developed a prototype software system based
on finite element methods to implement the homogenization methodology the eval-
uation of macroscopic effective moduli of composites with periodic infrastructure
and for computation of the microscopic stress and strain fields acting at the fiber-
matrix interfaces. The software system is designed for easy use by engineers who
need not be familiar with the underlying analytical techniques. Interaction takes
place through a menu-driven "supervisor" program which requires specification of
the material properties of fiber and matrix and of the "geometry" of a typical cell of

2 The general theories for the periodic and random cases are developed in 112 and [59], respec-
tively.
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Figure 1: Microscopic stress field in a cross section of a typical cell computed by
homogenization.
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the composite. The homogenization method produces an effective parameter model

of the macroscopic behavior of the material (longitudinal and transverse Young's
moduli, Poisson coefficients, etc.), and a description of the microscopic distributions
of stress within the cell - especially at the fiber-matrix interface. The system can W

treat composites with various fiber shapes and packing arrangements. It can also M
treat multi-ply laminates. The program, written in Fortran, is fast, efficient, and-4
portable. It can be readily extended to treat other types of composites, and it can A
be enhanced to incorporate a database of composite properties for comparison with
predictions of the analytical models. We plan to implement these extensions and
enhancements in the second phase of this project.

1.2 Project Summary

The results of the project fall into two classes:

1. Analytical results on the derivation of the "homogenized approximations"
for the elastic response of fiber-reinforced composites in the periodic case,
including asymptotic expansions of the stress, strain, and displacement fields;
and

2. Implementation of the effective parameter models and field expansions in a
menu-driven software system.

The analytical results are summarized in the next section. The software system
is described in section 3. Sample numerical results from the software system are
given in section 4 and Listings 1 and 2 at the end of the report. Recommendations
for further research are given section 5.

1.3 Comments on Some Related Work

The need for tools for stress analysis of laminates formed from composites as a
basis for the evaluation of strength and failure properties has been emphasized by
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encountered in treating systems containing multiple layers. As we show in section
3 (see also [51), the homogenization method readily handles such cases, even when
the number of layers in the laminate is large. M

Z

z
M
-4

2 The Homogenization Method for Modeling Corn- .

posite Materials

2.1 Formulation of the Model

Consider the problem of characterizing small scale elastic deformations of a com-
posite material which, in its undeformed state, occupies a region (1, open and
bounded in _R3 with regular boundary r. Suppose the boundary is partitioned
into r = r0 u r1 . (See Figure 2.) Suppose the material is constrained (not
to move) along the r0 portion of the boundary, and that a surface force g =

[gl(zI,X2,z3),g 2 (zl,z 2 ,z3),gs(zl,z 2 ,z 3 )] is incident on the material along the r,
portion of the boundary. Suppose in addition there are volumetric forces f -
[fi(zX,z 2,z,),f 2(zX,z 2 ,zs),f 3 (zX,z 2 ,z3 )] acting on the interior of the body.

Let u(z 1,z 2 ,z 3 ) = [u1 (zz 2,z 3 ),u 2 (z1 ,X 2,X 3),ua(zI,2, 3 )] be the displace-

ment field of the body subjected to the force densities f, g. Then

e 2 (zU a )' 1 i,._3 (1)

defines the *train tensor. The stress tensor is oii which satisfies the equilibrium
equations

a- +,=oin 0 (2)
axi
ainj = g, on r, (3)



SEI-TR-87-05 Systems Engineering. Inc. 0
C

rf nA

0

Z

"I

00

11

x2

Figure 2: Elastic body subjected to forces.

Stress and strain are related by the pointwise constitutive relation'

Ui (U) -- aijU (XI,, X3z) eU(U), 1 < i,j _5 3 (4)

The components of the elasticity tensor aqtt (X1, X2, 9 X) are bounded and satisfy

symmetry aijkt -= ajikt = aiit*, I <_ i,j,k,t <_ 3

3 3positivity akek& _>CfE 2,

for some a > 0, and for all Cii such that eqj = eii

In composite materials with a periodic infrastructure of fibers, cells, or layers,
etc., the elasticity tensor will be a periodic function of the spatial variables. The
homogenization method is suitable for treating the case when the infrastructure of
the composite is "fine" relative to the macroscopic dimensions of the structure. The
periodic structures treated here can be simple identical rectangular or hexagonal
arrangements, or they can be more complex shapes as shown in Figure 3. The
only constraint is that the opposing faces of a typical "cell" of the structure which
correspond through a translation can be identified in pairs.

- s$In the foWowing, we use the convention that repeated indices are summed.

/ I I I I f I il i lmi l' . .. . . '-....... z
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Figure 3: Typical periodic cross-sections of composites for the homogenization
method.

Let Y be a dimension of a typical cell of the structure, and suppose that the
structure, i.e., the overall composite, consists of a large number of cells. Let C be
a small dimensionless parameter that is the (homothetic) ratio of Y to a typical
dimension of the structure as a whole. 4 If the spatial variable x E R3 is used to
describe the macroscopic variations in the material, then we use y = xle as the
microscopic spatial scale which describes rapid variations of the elasticity across
the structure." Hence, it is appropriate to identify X

ajjfX,2, X3) = = -. CY),)

Introducing the shorthand notation,

X0

aCy) = {ajjjt(y)}, a'(l, X2, X3) =a(-)

I-4

'For example, if the composite structure is a fiber reinforcedl rod of length L and thickness W,and if a typical cell of the rod is defined to be a section of the rod including a single fiber and a

portion of the surrounding matrix, and if the cell cross section as length Y, then C = Y1W. Hence,
e is dimensionless, and assuming there are many cells in the cross section of the rod, 0 < f << 1.

"Using the composite rod exanple, if we move the small distance of x =- C units through the
cross section of the rod, we will pass from matrix to fiber and back to matrix, incurring a significant
variation of elasticity. This corresponds to a movement of one unit in the fast spatial scae y.

m mnn uum nu umnn uaamn nunm m n~a n nun H~
m mm

z
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a = {oi}, e(U) = {ek(U)}

the constitutive law (4) is written 0

a~i = G:k&(Z, X2, X3)eit (63p_ Z
where So,,, ou,,,U

C(u) = {e((u)}, e,(u) = 4 +

When an ambiguity is possible, either e.(u) or e.(u) will be specified depending on
whether the derivative is with respect to z or y. The boundary conditions are:

u=Oonr 0 roun=g onr 1  (7)

The problem posed by (1)-(4) has a unique solution which depends on e and
which we shall designate as u'; a stress field a' may be associated with this:

- = a'(X)e(U') (8)

When c is small, it is very difficult to calculate ul numerically since there are a
large number of heterogeneities in the elastic medium. Therefore, one usually tries
to obtain an expansion of the solution ul and the stress field a".

2.2 The homogenization method

The homogenization method results in replacing the pointwise constitutive rela-
tion (6) by a linear relation (with coefficients constant in space) between the "mean
values" of the stress and strain tensors.

6

Olt is important to emphasize that the method applies not only to systems with a periodic struc-
ture, but also to systems with a structure which varies randomly in space. The random variations
must be stationary in a strong sense, and the details of the arguments differ from the periodic case;
however, the principles are similar. See [59] for the general theory in the random case and 110,50
for extensive applications.
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2.2.1 Asymptotic Expansions

The solution depends on two scales:
2

(1) The first is the macroscopic dimension (scale) of 0l which affects the solution
through the forces applied to the body as whole and the conditions at the
boundaries.

(II) The second is due to the period of the microscopic system infrastructure which
characterizes the local internal forces and stress distributions.

This justifies looking for an asymptotic expansion of the solution the form:

U , = u 0 (x,y) + Eu1 (X Y) + IEu,(z, y) + ... (9)

where the u'(z, yi) are, for each z E fl, Y-periodic functions with respect to the
variable y E Y. Then y = x/c in (9) is the "fast" local scale of the internal
structural variations, i.e., x scaled by the (normalized) distance between fibers. An
expansion of the deformation field e(u E) may also be identified

e(u') = 1 (u*) + e(uo) + e,(u1) + 4e(u 1) + e,(U2) +... (10)

and the associated stresses field has the representation

1 Z y) -2- (Xy) + 1O2 +
E

with

o = .(,)e,(,,)

aI = a(y)[e,(W) + C-(Uo)]
2(X, Y) = 1C,(U 2 ) +e g(U')]

The equilibrium equations (2) applied to o give

"+11=0

n m In a m min m ni l H i g i I / N +i m i =.. . ... ... 0--":
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or in a more condensed form
div ' +f =0 (12) 24

Given the expansion (11) of ag we have
Z

idivoO + -diva + ulvao) + divc 2 + dival + f +- - 0 (13)
E H'

zEfl, yEY Z

div (*) = ayi' divo(*) - 1XJ

The boundary conditions (3) are treated in the same way:

0 o-n+o 1 - n-g+eo 2 . n+...=0, zEri', yEY (14)

Finally, the conditions (7) mean that

U0 + +C 2U+...=0, zEr 0 , yEY (15)

By making the various powers of e zero we obtain:

fdivo °0 = 0
00  = a(y),(u,) (16)

{divo 1 + div~o ° = 0
a1 = a(y)[C,(U) + e(Uo)(

{divra2 + div, al + f = 0

O 2 = a(y)[,(U2) + e(U)] (18)

The equations (14) and (15) will be used later.

2.2.2 Analysis of the Asymptotic Expansion

The systems (16)-(18) contain differential operators in y. They are equations with
partial derivatives relative to the macroscopic spatial scale z with the associated
period Y; and so, the unknown factors are Y-periodic functions.
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System (16): This leads immediately to:

0 0 Oi1E~ ° = ,  U° = *( x)  (19)

z

System (17): In view of (19) it reduces to:

divo 1 = 0, al = a(y)le,(U) + e-(U0 )J (20)
Z

The deformation e3 (uO) is a function of z and not y; therefore, it plays the role
of a parameter with respect to the differential system in y. As a consequence of
linearity, a1 and ul may therefore be written in the form:

ai = 8(M)ht(uo){1 =~ - e"(C ) (21)

where

diakM l a(y) [rA' + eg(x)1
edlt0) 1 (22)

x he is Y-periodic

The tensor r" is the unit tensor.

It can be shown that the system (22) determines the vector x"(y) to within an
additive constant.

For any function 4 = O(z, y), we define the averaging operation

< 0 >= 1 f (Y) (x,y) dy
S>meas(Y)

The solution or of (17) is given by,

o'(X, ) = 6 (y)[1 " - e,(x')ea(U0 ) (23)

and taking the mean value, we obtain,

< aoj >= q, e M(Uo) (24)
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where

=< a;.k(y) > - < ai.jp(y)e(XhL > (25)

System (18): It suffices to take the mean over a period Y in the first equation
to obtain:

div, < a >+f=Oinn (26)

If we introduce E =< al >, we have m{ divE + f oinf] (27)

E= qkiek,(U 01)

Using equation (15) and taking the mean on Y in (14), we obtain:

{u° = °  o n  I °  
(28)E-n=g on rp

The system (27) with boundary conditions (28) is a well posed elasticity problem;
the equilibrium equations are unchanged, as well as the boundary conditions. The
elastic constitutive relation is

, = qf. e"(u°) (29)

It is homogeneous since the coefficients qt given by (25) are independent of z E fl.
These coefficients define the equivalent "homogeneous" material. They are called
homogenized or effective coefficients.

Note: The effective parameters q (25) include not only the averages of the a(y),
the "rule of miztures" which one expects, but also terms which "correct" for local
interactions. These correctors are usually omitted in naive effective medium theo-
ries [sj.

The stress field E = {Eq} is called the macroscopic stress field. It is defined by

E =< a >. The strain field B = e.(u') is called the macroscopic strain field and

satisfies
E =< e2 (u° ) + e,(u ) >
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It can be proved that the homogenized coefficients q!4 satisfy

k qt(= qvkl)
qk'-9ijkf ! ilaSiiij, Vi, = ,ii some al > 0 3M

This shows that (q1) are reasonable elastic coefficients and that the macroscopic -I
scale problem (27) (28) has a unique solution.

This homogenized system describes the macroscopic deformation and stress
fields of the system subject to external forces and boundary conditions. It is the
effective parameter representation of the medium. Since we are interested in the
microscopic stresses which characterize the fiber matrix interface, we must push the
analysis a little further to reveal this information.

2.2.3 Microscopic Fields - Localization

The stress field al(z,y) is the first term of the asymptotic expansion (11) of the
stress field a' (z) solution of the initial exact problem. The field a' (z, y) is called
the microscopic stress field. If we imagine that at each point z E fl, there is a small
eY period with its composite structure, i.e., a "cell" of the overall structure, then
a'(z,y) gives, for z kept fixed in 0, a stress field in this period.

It can be shown that u'(z) - a' (z, x/) tends to zero when c tends to zero.'
This proves that a' (Z, z/e) is a good approximation to a' (x) when e is small. The
microscopic stress field o'(z, y), y = z/e can be calculated as follows:

(I) First, we obtain the six Xkl(y) vector fields on Y, each one associated with
tensor rki = rk. These six vector-fields are solutions of problem (22) which
is an elasticity problem on the large scale (period) Y.

(i) From the vector fields Xke we get the homogenized coefficients qki by for-
mula (25).

'In the V (f)) norm; that is, lim.o fn Iar(z) - rl(z, x/E) Jdz = 0.
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(ll) We solve the macroscopic scale, homogenized elastic problem (27)(28) on 11
for the macroscopic stress field E(z) and the macroscopic strain field e3 (u °) --

E(x), for zE [I.

(iv) The localization procedure: Using formula (23), we can calculate ol(z,/). Z
For z fixed in fl, this stress field on Y shows how the macroscopic stress
E(z) =< o (z,y) > is localized in an cY-period (cell) at the point z E fl. M

This procedure can be rigorously justified in the sense that it can be shown that
when e tends to zero, the stress field o'(z) tends to E(z). Nevertheless, o(z, z/e)
is a better approximation to o'(z) than E(z). s The macroscopic stress field E(z) is
just a mean value while or1 (z, x/e) takes into account the fine periodic structure of
the composite material.

2.3 Comments

These results demonstrate the effectiveness of homogenization theory in comput-
ing the mechanical characteristics of composite materials. Validity of the results
depends on the assumptions made on the shapes and layout of fibers (especially pe-
riodicity). Of course, a method which permits treatment of random fiber directions
would be able to capture the actual physical situation more precisely. However, the
undeniable advantage of this method derives from its capability to supply complete
sets of parameter values, which are mutually coherent. Comparisons with exper-
imental evidence and other techniques such as the Halpin-Tsai formulas indicate
that the estimates based on the homogenization theory are more accurate than
those based on other methods [7,15,161.

An important challenge is to move from the ability to characterize the material
properties of composites to characterizing the macroscopic behavior of structures
fabricated from these advanced materials. There has been very little work on this
subject, and it is important that the software models provide a basis for the devel-
opment of CAD tools for treatment of these issues.'

'Precisely, the norm L1 (fl) convergence implies that or'(z) - -1 (z, z/e) tends to zero for almost
every point in fl, while the (weak) L(fl) convergence governing the approach of a' to E does not.

eSee 1831 for a general discussion of the impact of composites on design of high performance
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The basic analytical method can be extended to treat elementary structures fab-
ricated from composites. In the next section we discuss the treatment of laminates
formed from fiber-reinforced composites. The analysis of such systems has been a

3

problem in the past, see the discussion in [71]. The homogenization method can _z

readily treat laminates with a large number of layers; a problem that has presented
difficulties for other methods. More complex structures can also be treated by it--M
eratively applying the method. For example, in treating tubular members made
from composites one can compute the material properties of the composite using z
the homogenization procedure, evaluate the stiffness and bending properties of the
tube based on this, and then refine the model by examining the distribution of
microstresses in the wall of the tube as a function of fiber alignment and geometry.
The deformations of a sleeve coupling element may be similarly treated.

More complex molded structures are a different matter, since the macroscopic
geometry of the element will have to be considered even in the local analysis. That
is the "shape" of the region fl will be very complex for certain molded structures;
and it will have to be treated explicitly in the homogenization analysis. One possible
approach is to use an iterated finite element procedure in which finite elements in
the large scale representation of the complex region (I are themselves represented as
"composite elements" which are are in turn treated as a collection of "cells" whose
compliance properties are evaluated using the homogenization procedure. The be-
havior of the overall molded structure would then be derived by a "superposition"
of the individual behaviors of each of its "composite elements." Implementation of
this procedure would be a very challenging problem in numerical (finite element)
analysis. The simplicity and similarity of the "composite elements" would have to
be exploited in setting up the analysis. If properly formulated, the analysis of the
"composite elements" could be done in parallel.

systems. See the papers 145,51,721 for discussions of design objectives for laminated fibrous composite
plates and related structures . The homogenization method is applied to design in [48).
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by a single raw. by a double fiber rows forced by a multiple

fiber rows.

~Figure 4: Multiple layer reinforced composites.

3 Numerical Evaluation of Effective Moduli and
Mirso i Stress Fields

~3.1 Application of the Method to a Cross Ply Laminate

~To illustrate use of the homogenization method in a concrete case, consider a cross

ply lamination consisting of orthotropic layers with an alternating orientation of
~90* between the layers. We assume that the x and the y axes are parallel to the

fiber reinforcement in the odd and the even numbered layers respectively. All the
odd layers are identical. As are the even layers. To compare the results, we shall
consider three types of layers: (See Figure 4.)

Example IL: Each layer is reinforced by a single fiber row.

Example 2: Each layer is reinforced by a double fiber row.

Example 3: Each layer is reinforced by multiple fiber rows.

!a
!C
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Figure 5: Triangular finite element mesh of the cross section of a period Y.

The first two examples are solved by using the homogenization procedure in
three dimensions. The last example is solved in two steps by using a two-dimensional
analysis:

(1) Homogenization of each layer reinforced by fibers running in the same direction.
The problem defined by (22) is bidimensional.

(11) Homogenization of the cross ply lamination using the computed results for each
layer given by the first step.

The numerical results are obtained by using a finite element code. See Figure 5.

3.2 Three Dimensional' Homogenization of the Cross Ply
Laminate

To obtain the homogenized moduli qjkj (25), it is necessary, to first compute the
functions X k i which are solutions of elliptic boundary value problems on the basic
period (22). To compute the functions Xkf by a finite element code, the system (22)
is reformulated in variational form

{Xk E V = {(k = (V, V2, V3),!! E {HI (y))3, y is Y - periodic
ay (x", y) = fyaj (), ()d , v V(0

== i lilmallillll I i t I I f I N I i ' " ... ' "
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where
(m_,1_)= J t(y)ei(1-)eji(!-)dY

The last integral in (30) can be written in terms of the surface load:
-I

laiptg (y) e~i(R) dy f ' -_ td-yfy-
m

with

F," = [alnian F 1  = [alno]n F 31 = [a llnln
F 22 = [a22tflL F 2 = [a22 Ing F12 =

F1 = [a33, ]e F2 = [a3392n F3' = [awan,,3
2?3  t:an F23 = [a23 2]nt F23 = [inn

F?'3 = (a 3ain, F13 = [al 3t0]n1 F13 = aon

F12 = [a122nn F1 2 = [a1212lnt 3~ [ai2Mn,

where n = (n,, n 2 , n 3 ) is the outward unit normal to the interface of the components
(fiber-resin) and where the bracket [] denotes the jump of a function across the
interface.

Given numerical representations of the functions X , the homogenized coef-
ficients qtjke of the composite system are the mean value, over a period Y of the
corresponding a,,u altered by a corrector term (25) depending on the Xkl, explicitly:

q,,kt =< aqu(y) > -qZ-

jpe qJ l y aM- Oj, dy

3.3 Two-Dimensional Homogenization of the Cross Ply Lam-
inate

As stated previously, the Example 3 is solved in two steps:

Step 1: Homogenization of a composite reinforced by fibers running in the same
direction. See Figure 6.

Calculation of the homogenized coefficients qijk, requires resolution of (22). In
the present case the coefficients aijkt(y) are independent of y./. Consequently, the
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Figure 6: Composite reinforced by fibers running in the same direction

fields X '(y) are also independent of ys. In (22) (30) those indices referring to 8 /8 ys
give zero contribution. This makes the computation of x" (yt) a two dimensional
problem. In addition, we have:

X()= xu(i,,y2) =[X(,),,(, ,O

These functions are therefore solutions of a plane strain elasticity problem. And,

X (Y) = X(Iy)= [O,O, Xsk(y1,,2)] for (k,1) = [(1,3), (2,3)]

These two functions for solutions of a scalar problem in 2. (Details of this reduction
are given in 171.)

Step 2: Homogenization of the cross ply lamination. See Figure 7.

Using the homogenized moduli of each layer (from step one), the homogenization
formulas are considerably simplified. The problem (22) is reduced to a system of
differential equations which may be solved explicitly.
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Figure 7: Multiple layers: Each layer possesses a plane of elastic symmetry normal
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3.4 Sample numerical results

3.4.1 Effective Parameter Models

The results obtained (from a finite element code) for the two first examples are
compared with those obtained for the last example 3 in the tables which follow:
Each component is assumed elastic, homogeneous, and isotropic with:

Ef = 84, 000 MPa z'j = .22 for the fiber
E, =4, 000 MPa v, = .34 for the resin

Results for 3 impregnations of resin (36%, 50%, 65%) are shown in Tables 1,2,3.

3.4.2 Numerical Results for the Microscopic Stress-Field

In the previous paragraph, we have shown that we get the homogenized moduli
q," from the six vector fields x(y). We can then solve the homogenized elastic
problem (27)(28), on (I which gives the macroscopic stress field E(x), for x E M.
The computations of the microscopic stress-field and stress forces at the interface
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Example El E2 E3 G23 G13 G12 V23 V13 V12

(MPa) (MPa) (MPa) (MPa) (MPa) (MPa)
1 37,700 37,700 18,900 5,600 5,600 6,775 .27 .27 .135 z

2 37,780 37,780 19,850 5,570 5,570 6,670 .259 .259 .137
3 37,750 37,750 20,614 5,298 5,298 6,304 .24 .24 .138

Table 1: Comparative table for 36% resin by volume.

Example El E2 E3 G23 G13 G12 V2 3  V1 3 V12 II
(MPa) (MPa) (MPa) (MPa) (MPa) (MPa)

1 28,340 28,340 12,996 3,800 3,800 4,300 .32 .32 .122
2 28,400 28,400 13,280 3,780 3,780 4,276 .308 .308 .124
3 28,801 28,801 13,563 3,598 3,598 4,168 .297 .297 .124

Table 2: Comparative table for 50% resin by volume.

Example El E2 E3 G23 G13 G12 V23 V13 V12

(MPa) (MPa) (MPa) (MPa) (MPa) (MPa)
1 20,500 20,500 9,471 2,880 2,880 3,076 .33 .35 .126
2 20,560 20,560 9,565 2,850 2,850 3,057 .35 .35 .128
3 20,237 20,237 9,243 2,657 2,657 2,910 .35 .35 .126

Table 3: Comparative table for 65% resin by volume.
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between fiber and resin, are particularly important because they can initiate cracks

and delaminations. The localization procedure allows an easy computation of these
microscopic stress-field and stress forces.

Z

Numerical results for an unidirectionally fiber-reinforced composite subjected to

a shearing stress-field normal to the direction of the fibers are shown in Figure 8.
Other cases can be treated in a similar manner. The stress forces o - n at the
interface and the components of microscopic stress field are plotted. The density of

lines plotted indicate the level of microscopic stress concentration.

The elastic moduli of the components are:

Fiber: E = 84000 Mpa v = 0.22
Resin: E = 4000 Mpa v = 0.34

The corresponding homogenized moduli for 50% resin impregnations are

El = 10141Mpa V'32 = 0.287 G 32 = 3106
E2 = 9685Mpa v31 = 0.281 G31 = 3386
E3 = 35655Mpa V12 = 0.353 G1 = 2608

4 Numerical Results for Effective Moduli and Mi-
croscopic Stress Fields

In this section we present transcripts of interactive sessions with the HeMCAP software
system. Computation of the effective moduli is treated in the next subsection.
Evaluation of the microscopic distribution of stresses at the fiber-matrix interface
is treated in the last subsection. In Listings 1 and 2 at the end of the report we
provide more extensive examples of the performance of the program modules.

4.1 Effective Moduli for Various Fiber-Matrix Geometries

In the session which follows the homogenized compliance tensor defining the re-
lationship between the stress and strain tensors, {e) = [E] {}, is computed for



SEI-TR-87-05 Systems Engineering. Inc. 23
0
C

I

3-3
x 2 n

z

macroscopic stress-field Microscopic stress-field
I U

012 0 11 012

0 01 0oG(x.y) - )2 022 0r

12 0 ( 0 0 a33
00 0 3a)

02- 100. ma 47.8 03 max - 35.3

022 iax - 60 Ifl max - 35

' 12 max -69.1 F3  . 0.

Irl max -35
F30

oi1 max 47 .8 c33 max 35.3

022 max.6 012 max 69.1

Figure 8: Microstress field for shearing load normal to direction of fibers.
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sample fiber types and orientations. Specifically, we computed the system

I1 _ _2L 0 0 0 <o
-- E l  E2 E2 02

-LL !-M 1 _L Z
- El B2  E8  -

C23 0 0 0 1 0 0 0232G2 8

e23 0 0 0 0 0 0'1 1^2G1 8

e 2  0 0 0 0 0 1 0'12 J2G1 2

Here E,, i = 1, 2,3 are Young's moduli for the fiber (composite) directions xi, i =
1,2,3; G 3 ,i,j = 1,2,3 are the fiber (composite) shear moduli, and viii, - 1,2,3
are the fiber (composite) Poisson coefficients.

The homogenization methodology was used to compute the effective parame-
ters. As shown in the previous section, this requires solution of an elliptic partial
differential equation in a typical "cell" of the (periodic) structure. This solution
was found by a finite element procedure. The solution is then used in an averaging
procedure which produces the effective parameters.

4.1.1 Design of the MeMCAP Supervisor

We have developed a menu-driven supervisor program called the "Metal-Matrix
Composites Analysis Program (MeNCAP)" to facillitate interaction with the numer-
ical programs which compute the effective parameters of the "homogenized" repre-
sentation of fiber reinforced materials.' 0 An overview of this software is shown in
Figure 9.

The flow diagram of the menu-oriented supervisor module is shown in Figure 10.

Currently, the software allows the user to (i) get help, (ii) set up a problem via
a simple screen-oriented editor and (iii) submit a batch job to compute the effective
parameters of the current problem. The numerical results are saved in a . LOG file.
1°In fact, most of the data used in the computations here is for resin based composites. We have

not used metal matrix data (in this unrestricted document) in part to avoid issues related to the
ITAR.
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Figure 10: Flow diagram of MeMCAP Supervisor.
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The system is written in Fortran. It assumes the user has a VT100 terminal or
compatible. The system is just a prototype; we plan significant enhancements in
further work.

z

z

.m
4

4.1.2 Sample Session with the MeMCAP Interface M

The output from a sample run is shown below. Each page corresponds to a display
screen on the user's terminal.

$ run memcap

WELCOME
TO

i* *** * * ***** *** ** **** ** ******** ** *

* MeMCAP *

* Metal Matrix Composites *

* Analysis Program *

PROTOTYPE PROGRAM FOR COMPUTING THE EFFECTIVE, PARAMETERS
OF METAL MATRIX COMPOSITES

DEVELOPED BY

SYSTEMS ENGINEERING INCORPORATED
7833 WALKER DRIVE. SUITE 308

GREENBELT. MD 20770

PRESS THE "RETURN" KEY TO CONTINUE ***
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MAIN MENU ABBREVIATIONS .

0

I HELP (BRIEF DESCIlPTION OF SOME ITEMS) -(HELP) fq

2 PREF.PARE DATA FILE FOP, COMPUTATIONS -- (PREP)
I3 COMPUTE EFFECTIVE PARtAMETER S (COM(P)

0 QUIT

PLEASE ENE YOUR SELECTION NUMBERt:
KAIN>l

man, mmm am mmmm m a m a m i
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HELP -Help available on the following-topics: <
z

_HELP -displays this list. HISTORY history of this project.

0
I
M
-4

NEWS -ino. on revisions. COMP - compute off. parameters
'm

z

PREP - preparation o data Hile. m

SUNKT - general description.

1. TO SEE A DIRECTORY OF HELP ITEMS. TYPE "HELP".
2. OR ENTER NAME OF ITEM FOR WHICH YOU WANT HELP.
3. WHEN FINISHED. TYPE "EXIT" OR "QUIT".

EXIT
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MAIN N N ABBREVIATIONS M.

z
E|0

.0

I HELP (BRIEF DESCRIPTION OF SOME ITEMS) -(HELP) -2 PREPAIN DATA FILE FOR COMPUTATIONS (PREP)

i3 COMPUTE EFFECTIVE PARMTERS -- (COMP)

0 QUIT

PLEASE ENTER YOUR SELECTION NUMBER :
MAIN>2
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ITEM DESCRIPTION TYP CURRENT VALUE
z

1. Project title C Metal Matrix Composites Analysis M
z-4
M

2. Project/Contract Number C test
z

3. Generic Name C TEST

4. IFIB II

Fiber type:

1 = Isotropic Circular Fiber

2 - Orthotropic Circular Fiber

3 = Isotropic Kidney Fiber

4 = Orthotropic Kidney Fiber

5 = Isotropic Staggered Fiber

TYP: C=CHARACTER, I-INTEGER, L=LOGICAL, R=REAL. X=COMPLEX

1. TO CHANGE CURRENT ITEM, ENTER NEW VALUE. THEN HIT RETURN.
2. OR ENTER "#" FOLLOWED BY ITEM NUMBER YOU WANT TO CHANGE.
3. TO WRITE BACK FILE AND EXIT, TYPE "EXIT". ELSE "QUIT".

QUIT
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z

-4

MAIN MENU ABBREVIATIONS

x

I HELP (BRIEF DESCRIPTION OF SOME ITEMS) - (HELP)

2 PREPARE DATA FILE FOR COMPUTATIONS -- (PREP)
3 COMPUTE EFFECTIVE PARAMETERS -- (COMP)

6 ....... .. * .....................................

0 QUIT

PLEASE ENTER YOUR SELECTION NUMBER:
AIN>3

SUBMITTING BATCH JOB. LOGFILE IS "COMACH.LOG"

Job COMACH (queue SYS$BATCH, entry 1098) started on STS*BATCH

The results for this case are shown below (i.e., the following is a listing of the
.LOG file created by the module COMACH.EXE):
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$RUN SEI$USR: [CRANE] COMACH

GENERIC NAME
IFIB ? ( - 1 ISOTROPIC CIRCULAR FIBER)

( = 2 ORTHOTROPIC CIRCULAR FIBER) M
( - 3 ISOTROPIC KIDNEY FIBER)

S- 4 ORTHOTROPIC KIDNEY FIBER) M

( 5= ISOTROPIC STAGGERED FIBER) z

( 6 ORTHOTROPIC STAGGERED FIBER)
( = 7 HEXAGONAL CELL ISOTROPIC KIDNEY FIBER)

( = 8 HEXAGONAL CELL ORTHOTROPIC KIDNEY FIBER)
1

IOPT ? IF = 1 PROVIDE THE SIDE RATIO ( SIDE_//_Y / SIDEJ//_X )
AND THE RESIN RATIO

IF = 2 PROVIDE THE SIDE RATIO . THE RESIN RATIO,
HDIST ( MESH DENSITY PARAMETER)

I
SIDE RATIO ? (REAL)

1.0000000
RESIN RATIO ? ( > 0.2348894 )

0.5000000
E , NU = ? (YOUNG MODULUS POISSON COEFF. ISOTROPIC FIBER)

84000.0000000
0.2200000

E . NU = ? (YOUNG MODULUS POISSON COEFF. ISOTROPIC RESIN)
4000.0000000

0.3400000
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THE FIBERS ARE PARALLEL AT X1

-4:0

z
NOTATICNS EI,E2.E3: YOUNG MODULI FIBER (COMPOSITE) DIRECTIONS Xl.X2,X3 3

GIJ : FIBER ( COMPOSITE ) SHEAR MODULI I
NU(IJ) : FIBER ( COMPOSITE ) POISSON COEFFICIENT x

ER : RESIN YOUNG MODULUS z

NUR : RESIN POISSON COEFFICIENT
NEL : NUMBER OF ELEMENTS
NOE : NUMBER OF NODES
TXR : RESIN IMPREGNATED RATIO IN VOLUME

* ISOTROPIC CIRCULAR FIBER *ISOTROPIC RESIN* MESH *

*...............................................*............. ......... *...... ............. *

* El = 84000. G12 = 34426 . NU12 = 0.220 * ER 4000.* NEL = 176 *

* E2 = 84000.. G13 = 34426.. NU13 = 0.220 * * NOE = 105 *

* E3 = 84000. . G23 = 34426. . NU23 a 0.220 * NUR = 0.340 * TXR = .5082 *
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* HOMOGEFIZED ELASTIC TENSOR *
... .......................................................................

11 22 33 23 13 12
0.4625E+05 0.5296E+04 0.5297E+04 -0.7273E-13 O.OOOE+O0 O.OOOOE+O0 *

*0.5296E+04 0.1468E+05 0.4762E+04 -0.3214E-12 O.OOOOE+00 O.OOOOE+O0 *
0.5297E+04 0.4762E+04 0.1468E+05 -0.8976E-13 O.OOOOE+O0 O.O00OE+OO *

• -0.7273E-13 -0.3214E-12 -0.8976E-13 0.3113E+04 O.OOOOE+O0 O.OOOE+O0 *

* O.OOOE+O0 O.OOOOE+O0 O.OOOOE+O0 O.OOOOE+O0 0.4077E+04 0.9916E-04 *

• O.OOOOE+O0 O.OO0OE+OO O.OOOOE+O0 O.OOOOE+O0 0.9916E-04 0.4077E+04 *

* HOMOGENIZED COMPLIANCE TENSOR *

........................................................................................... *

• 11 22 33 23 13 12 *

0 0.2306E-04 -0.6283E-05 -0.6283E-05 -0.2910E-21 O.OOOOE+O0 O.OOOOE+OO *
* -0.6283E-05 0.7786E-04 -0.2299E-04 0.7228E-20 O.OOOOE+O0 O.OOOE+OO *
* -0.6283E-05 -0.2299E-04 0.7785E-04 -0.2754E-21 O.OOOOE+O0 O.OOOOE+O0 *
* -0.29oE-21 0.7228E-20 -0.2754E-21 0.3212E-03 O.OOOOE+O0 O.OOOE+O0 *
* O.OOOE+O0 O.O0OOE+OO O.O0O0E+OO O.OO0OE+OO 0.2453E-03 -0.5967E-11 *
* O.OOOOE+O0 O.O000E+O0 O.OOOE+O0 O.OOOOE+O0 -O.5967E-11 0.2453E-03 *

* El = 0.433659D+05 E2 = 0.128441D+05 E3 w 0.128445D+05 *

* NU23 - 0.295292D+00 NU12 = 0.272460D+00 NU13 - 0.272458D+00 *

• G23 = 0.311300D+04 G12 = 0.407667D+04 G13 = 0.407662D+04 *

* . ,=, * ,m, B t am f m . -,
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ROTATION 45 DEGREES AROUND Xl2,

HOMOGENIZE COPIAC TESO (BSCTN DIETOS * z 5 5 5 **5 *
0

........................................................................................... *

1 11 2 2 3 3 2 3 1 3 1 2 *M

0 .2306E-04 -0.6283E-05 -0.6283E-05 O.66S0E-lO O.0000E4OO O.OOOOE+OO0
*-0.6283E-05 0.1077E-03 -O.5288E-04 -O.1208E-08 O.OOOOE+OO O.OOOOE+OO
*-0.6283E-05 -O.5288E-04 0.1077E-03 -O.1208E-08 O.OOOOE+OO O.OOOOE+OO
* .8650E-1O -O.1208E-08 -O.1208E-08 0.2017E-03 O.OOOOE+OO O.OOOOE+OO
* .OOOOE+OO O.OOOOE+QO O.OOQOE+OO O.OOOOE+OO 0.2453E-03 -0.1574E-08*
* .OOOOE.OO O.OOOOE.OO O.OOOOE+OO O.OOOOE.OO -0.1574E-08 0.2453E-03*

*El = 0.433659D+05 E2 - 0.928151D'04 E 3 = 0.928151D+04*

*NU23 = 0.490768D+00 NU12 = 0.2724590+00 NU13 = 0.272459D+00*

*G23 = 0.496805D+04 G12 = 0.407659D+04 G13 = 0.407659D+04*
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C

FORTRAN STOP

CRANE job terminated at 11-MAY-1987 14:34:58.43 z

Accounting information:
Buffered 1/0 count: 98 Peak working set size: 1354

Direct I/0 count: 164 Peak page file size: 3151 z
Page faults: 1363 Mounted volumes: 0

Charged CPU time: 0 00:01:07.49 Elapsed time: 0 00:01:20.34

The program was run on SEI's VAX 11/750, which has a floating point accel-
erator and 6 Megbytes of core memory. Listing 1 at the end of the report contains

analyses of eight different fiber-matrix geometries to illustrate the range of options
available in this module of the system.
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4.2 Evaluation of the Microscopic Stress Fields

0

The UeMCAP software includes a module (C0MPOM.EXE) for the evaluation of micro- M

scopic stress distributions in a typical cell of the composite material. The system
is setup to handle cases in which:

mV
M

1. The fibers are run in the same direction and are periodically distributed with M

a (i) staggered or (ii) aligned rectangular base period.

2. The fiber material is (i) isotropic or (ii) orthrotropic.

3. The matrix material is (i) isotropic, (ii) orthrotropic, or (iii) incompressible.

4. The fibers are (i) circular or (ii) elliptical.1 l

5. The microscopic stress field is computed for six main (stress) loadings: (i)
S11 = 1, j= O,i #j, (ii) S22 = 1,$,, = O,i :j, (iii) S3 = 1,S, = O,i : j,
(iv) S23 = 1,S,, = 0,i j, (v) S13 = 1,$,, =0,i. j, (vi) S12 = 1,S,, = 0,i #
3.

The finite element mesh is automatically generated given the description of
the cell geometry and the fiber-matrix impregnation ratio.1 2 A minimum ratio is
provided for each fiber shape and geometry.

The software requires the following input data:

1. Output device: terminal or filename.

2. Fiber characteristics: aligned or staggered; isotropic or orthotropic; spacing
of fibers in z and in y; and shape - circular or ellipse (a, b, n).

3. Fiber-matrix impregnation ratio.

4. Elasticity characteristics: Matrix - isotropic (E, v); orthotropic (Ei, G1i, vi);
or incompressible (E, v); and Fiber - isotropic (E, v) or orthotropic (Ei, G,, Vii).

"1Actually, a generalised elliptical shape is permitted (z/&)" + (y/b)ft = 1.
"2An optional parameter (HDIST) can be used to refine the mesh near the boundary.
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The software produces the following output information either on the user's
terminal or into a file, as directed by the user:

1. A summary of the input data.
mZ

2. The homogenized elasticity tensor.

3. The homogenized compliance tensor.

4. Equivalent elastic moduli.

5. A summary of the finite element mesh including number of elements and
number of nodes. For each element the program provides: number, material
number (1 for fiber, 2 for matrix), node number, and node coordinates. This
informatioun serves to localize the microstresses in the fiber-matrix system.

6. For each stress loading the microscopic stress field by element number (in the
mesh).

7. The stress force at the interface between matrix and fiber in terms of element
number, node coordinates, and stress force components.

The results of a typical interactive session with the software are given in Listing
2.13 The listing of microscopic stress distributions by mesh element is useful in
anticipating design objectives and limitations. It is also possible to have the results
displayed in a graphical format. Figures 11,12,13 show the microstress distribution
in a typical cell in response to various loadings. The colors correspond to various
stress levels.

1sTo save space, we omit details of the interaction with the system through the supervisor interface.
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Figure 11: Microstress distribution in a typical cell.
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Figure 12: Microstress distribution in a typical cell (alternate loading).
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5 Conclusions and Further Research and Devel-
opment

5.1 Accomplishments of the Project

The objective of our Phase I research program was to demonstrate the feasibility
of the homogenization method to compute the effective parameter representations
of fiber reinforced composites. We have produced analytical results and a software
system which meet this objective. It is important to stress that the analytical
methods are systematic and consistent.

5.2 Further Phase II Research and Development

Several enhancements to the software are possible which would make it a more com-
plete CAD system for investigation and design of composite materials and structures
constructed from such materials.

1. As we have already indicated, it would be relatively straight-forward to add
enhancements to treat the viscoelastic and thermal properties of (periodic)
composites (in the linear regime).

2. Similarly, it is possible to adapt the methods to treat plasticity in composites
- a particularly important consideration in the analysis and design of metal
matriz composites.

3. It is possible to adapt the analytical methods to treat both short-fiber and
particulate reinforced composites; however, in these cases it is important to
be able to treat systems with a random infrastructure.

4. Systems with a random infrastructure can be treated using homogenization.
The general theory has been worked out [59]. Extensive applications have
been given both for nonlinear problems [10] and for systems with a discrete
infrastructure (heat propagation on a random lattice) [50]. In related research
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Listing 1: Computation of Effective Moduli

bYN 'CONACH*'.

ENERIC NAME :
IFIB ? C = I ISOTROPIC CIRCULAR FIBER)

2 ORTHOTROPIC CIRCULAR FIBER)
3 ISOTROPIC KIDNEY FIBR) 0
4 ORTHOTROPIC KIDNEY FIBER)

( = 5 ISOTROPIC STAGGERED FIBER)
6 ORTHOTROPIC STAGEERED FIBER)

( = 7 HEXAGONAL CELL ISOTROPIC KIDNEY FIBER)
P = 8 HEXAGONAL CELL ORTHOTROPIC KIDNEY FIBER)

IOPT ? IF I PROVIDE THE SIDE RATIO ( SIDE/ Y I SIDEII X )

AND THE RESIN RATIO z
IF = 2 PROVIDE THE SIDE RATIO r THE RESIN RATIO.,

hDIST ( P.ESH DENSITY PARAMETER )
ISIDE RATIO 2 (REAL)
1
RESIN RATIO ? C > 0.2348394 )
.S
E P NU = ? (YCUNG MODULUS POISSON COEFF. ISOTROPIC FIBER)
64000. .22
t r NU = ? (YGUNG MODULUS POISSON COEFF. ISOTROPIC RESIN)
4000. .34

THE FIBERS ARE PARALLEL AT X1

NOTATIONS EI.E2.E3: YCUNG MODULI FIBER (COMPOSITE) DIRECTIONS XIOX2oX3
GIJ : FIaER ( COMPOSITE ) SHEAR MODULI
NU(IJ) : FIaER ( CCMPOSITE ) POISSON COEFFICIENT
ER : RESIN YOUNG MODULUS
NUR : RESIN POISSON COEFFICIENT
NEL : NUM6ER OF ELEVENTS
NOE : NUM6ER OF NODES
TXR : RESIN IMPREGNATED RATIO IN VOLUME

* ISOTROPIC CIRCULAR FIBER *ISOTROPIC RESIN* MESH *

*o me as o e asoooe e mso w * me a o so es°e WU@S* o s ns 0l @o UU o*00 soS a °teatow*

* El = 84000. . G12 = 34426. . NU12 = 0.220 * ER = 40C0. * NEL = 176 *

* E2 = 84000. . G13 = 34426. . NU13 = 0.220 * * NOE = 105 *

* E3 = ,4000. . G23 = 34426. . NU23 = 0.220 * NUR = 0.340 * TXR = .5062 *
*********** ****** ** **** k* ** **** ** ********** ** **** ** ** **** *****.********* ******

****** ***.****** ** ****** ** ****** ************ **** ******** *t*******************

'* HOMOGENIZED ELASTIC TENSOR *

* 11 2 2 3 3 2 3 1 3 12 *



* 0.4625E+05 0.5296E+04 0.5297E+04 -0.7273E-13 O.COOOE+O0 O.OOOOE 00
8:5296E04 0.1468E+05 004762E+04 :8:3,4E-. 8000E00 .00EO0885297'E 04 0.4762E+04 0.1468E+05 0.976E-3 QOE0 80E

*-0.7273E-13 -0.3214E-12 -0.8976E-13 0.3113E+04 O.O000E O0 0.O000E+O0
* O.OOOOE+00 O.000E+O0 O.O000E00 0.0000E+00 0.4077E 04 0.9916E-04
* 0.O000E+O0 O.O003E+O0 O.CO00E+O0 O.00E+00 0.9916E-04 0.4077E+04 "

*********t******** ****** ** **********t**** ** **** **** **** ****** ** ******

SHOMOGENIZED COMPLIANCE TENSOR

* 11 22 33 3 13
* 0.2306E-04 -0.6Z83E-05 -0.6283E-05 -0.2910E-21 0.CO00E+O0 O.OOOOE+O0
* -0.6283E-05 0.7786E-04 -0.2299E-04 0.7228E-20 O.COOOE+O0 O.OOOOE+00 f
* -0.6283E-05 -0.2299E-04 0.7785E-04 -0.2754E-21 O.OOOOE+O0 O.OOOOE+O00
* -0.2910E-21 0.7228E-20 -0.2754E-21 0.3212E-03 O.O000E+O0 O.OOOOE+00 V'
* O.OOOE+O0 O.0003E+00 O.COOOEOO O.O000E+O0 0.2453E-03 -0.5967E-11 *
* O.O000E+00 ..0000E+00 0.000E+O0 O.00000E+0 -0.5967E-11 0.2453E-03 *

* El = 0.433659D+05 E2 = 0.12S441D*05 E3 = C.128445D+05 *

* NU23 = 0.295292D+CO NU12 = 0.272460D+00 NU13 = 0.272458D+00 *

* 623 = 0.31130)D+C4 G12 = 0.407657D404 G13 = O.407662D+04 *

ROTATION 45 DEGREES AROUND Xl

** ****kV***k t**** **t********************* ***************** d***rk*d*k***1*****

* HOGGENI ZED COMPLIANCE TENSOR (BISECTING DIRECTIONS) *

* 11 2 2 33 2 3 13 12 *
* 0.2306E-04 -0.6283E-05 -0.6283E-05 0.6650E-10 O.O000E+O0 0.O000E+O0 *
* -0.6283E-05 0.1077E-03 -O.5268E-04 -O.1208E-03 O.COOGE+O0 O.OOOOE+O0 *
* -0.6283E-05 -0.5268E-04 0.1077E-03 -0.1208E-08 0.O000E+00 O.OOOOE+O0 *
* 0.66SOE-10 -0.1208E-03 -0.120SE-0 0.2017E-03 O.OOOOE+O0 O.OOOOE+O0 *
* O.O000E+O0 O.O000f00 0.OO00E+O0 O.O000E+O0 0.2453E-03 -0.1574E-08 *
* O.O000E+OO 0.0000'+00 O.O000E+00 O.E2000E+00 -0.1574E-08 0.2453E-03 *

* El = 0.433659D+05 E2 = 0.923151D+04 E3 = C.928151D+04 .
* tk

* NU23 = C.490768D4CO NU12 = 0.272459D+00 NU13 = 0.272459D+00 *
* *l

* G23 = 0.495 05D+G4 312 = 0.407659D*04 613 = C.407659D+04 *

GENERIC NAME :



IFIB ? (= I ISOTROPIC CIRCULAR FIBER)
C = 2 ORTHOTROPIC CIRCULAR FIBER)

= 3 ISOTROPIC KIDNEY FIBER)
C= 4 ORTHOTROPIC KIDNEY FIBER)
C = 5 ISOTROPIC STAGGERED FIBER)

= 6 ORTHOTROPIC STAGGERED FIOER)
= 7 HEXAGONAL CELL ISOTROPIC KIDNEY FI2ER)

( = 8 HEXAGONAL CELL ORTHOTROPIC KIDNEY FIEER)

IOPT ? IF = I PROVIDE THE SIDE RATIO ( SIDE_//_Y / SIDE_/IX )
AND THE RESIN RATIO z4

IF = 2 PROVIDE THE SIDE RATIO r THE RESIN RATIO.,
HDIST ( MESH DENSITY PARAMETER )

1SIDE RATIC ? (REAL) z

RESIN RATIO ? ( > 0.2348894 )
.5
El o E2 o E3 = ? (ORTHOTROPIC FIBERS I/ A Xl)
380000. 14500. 14500.
612 * 613 , Gc3 = ? (CORTHOTROPIC FIRERS II A Xl)
38000. 38000. 20000.
NU12 , NU13 f NU23 = ? (ORTHOTROPIC FIBERS II A Xl)
.22 .22 .25
E P NU = ? (YOUNG MODULUS POISSON COEFF. ISOTROPIC RESIN)
3520. .38

THE FIBERS ARE PARALLEL AT Xl

NOTATIONS E10E2,E3: YCUNG MODULI FIBER (COMPOSITE) DIRECTIONS XlX2•X3
*IJ : FIBER ( COMPOSITE ) SHEAR MODULI
NU(IJ) : FI8ER C COMPOSITE ) POISSON COEFFICIENT
ER : RESIN YOUNG MODULUS
NUR : RESIN POISSON COEFFICIENT
NEL : NUMbER OF ELEPENTS
NOE : NUMBER OF NODES
TXR : RESIN IMPREGNATED RATIO IN VOLUME

* ORTHOTROPIC CIRCULAR FILER *ISOTROPIC RESIN* MESH *

*0 seam om*e m .s s ee a 0*.00 Manassasemassm* s* . awesome *

* El 38C000. . G12 = 38000. . NU12 = 0.220 * ER = 3520. * NEL = 176 *

* E2 = 14500. . G13 = 33C00. . NU13 = 0.220 * * NOE = 105 *

* E3 = 14500. . G23 = 20000. * NU23 = 0.250 * NUR = 0.380 * TXR = .5082 *

** **** **** ** **** ** ****** *4 **** ** ******** ** ** **** ** ** ********** **** **********

* HOMOGENIZED ELASTIC TENSOR *

11 22 3 3 23 1 3 12



* 0.1912E+06 0.4126E+04 0.4126E+04 -0.2165E-14 O.0000E O0 0.0000E+0O
* O.4126E+04 0.96b3E+04 0.4199E+04 -0 1317E13 0.O000E+00 O.OOOOE+00
, 0.4126E 04 0.4199E+04 0.9684E+04 0: 809E-1 3 0.O00EO0 .0000E 00

* -0.2165E-14 0.3317E-13 -0.2809E-13 0.2600E+04 O.COOOE+00 O.OOOOE+O0
* O.OO00E+00 O.O00OE+00 O.OOOOE+00 O.O000E+O0 0.3570E+04 0.1208E-02
* 0.O000OE+00 0.O0O0E+O0 O.OOOOE+00 O.0000EOO 0.120BE-02 0.3570E+04 l

* IOMOCENIZED COMPLIANCE 7ENSGR

* 2 33 23 1 3 1
* 0.5299E-05 -0.1575E-05 -0.1575E-05 0.7495E-23 0.OO00E+00 O.OOOOE 00 it
* -0.1575E-05 0.1277E-03 -0.5469E-04 -0.2221E-20 0.CO00E+O0 O.O000E+00 s
* -0.1575E-05 -0.5469E-04 0.1277E-03 0.2076E-20 O.COOOE+00 O.OOOOE+00 IA
* .7495E-23 -0.2221E-20 0.2076E-20 0.3847E-03 0.O000EOD O.OOOOE+0 *
* .00000E+00 Q.0000E O0 .OOOOE+00 0.2801E-03 -0.9472E-10 *
* O.O000E+00 0.O000E+00 O.OOOOE+00 O.GOOOE+00 -0.9472E-10 O.2801E-03 *

* El 0.18E710D+06 E2 = 0.783349D04 E3 = 0.783375D+04 *

* NU23 = 0.428356D+C0 NU12 = 0.2972010430 NU13 = 0.297186D+00 *

* G23 = 0.259957D+C4 G12 = 0.357042D04 G13 = C.357046D+04 *

ROTATICN 45 DEGREES AROUND Xl

* HOMOGENIZED COMPLIANCE TENSOR (6ISECTING DIRECTICNS) *. ... ... ..... .... *............ .... ............ .. ...... ...... ............ . •
* 1 22 33 23 13 12 *
* 0.529?E-05 -0.1575E-05 -0.1575E-05 0.8287E-10 0.O000E+00 0.O00E 0 *
* -0.1575E-05 0.1327E-03 -0.5969E-04 -0.2108E-08 0.OOOOE+00 O.O000E+O0 *
* -0.1575E-C5 -0.5969E-04 0.1327E-03 -0.2108E-0 O.COOGE400 O.OOOOE+0O *
* 0.8287E-10 -0.2108E-Ob -0.2108E-0s 0.3647E-03 0.O00E+00 0.0000E+00 *
* O.000E+00 O.OOOOE+00 0.0300E+00 0.O000E+00 0.2301E-03 -0.1669E-08 *
* O.OOOE000 0.O0003E+0 O.COOOE+O0 O.COOOE+0O -0.1669E-08 0.2b80E-03 *

* El = 0.1887100+06 EZ = 0.753840D404 E3 = 0.7538400+04 *

* NU23 = 0.449934D+00 NU12 = 0.297193D430 NU13 = 0.297193D+00 *

* G23 = 0.274211D+04 G12 = 0.357044D404 G13 = C.357044D+04 *

GENERIC NAME :
-3



IFIB ? C = I ISOTROPIC CIRCULAR FIBER) 0
= 2 ORTHOTROPIC CIRCULAR FIBER) °

C = 3 ISOTROPIC KIDNEY FIBER)
= 4 ORTHOTROPIC KIDNEY FIBER)

C = 5 ISOTROPIC STAGGERED FIBER)
= 6 ORTHOTROFIC STAGGERED FILER)

C= 7 HEXAGONAL CELL ISOTRCPIC KIDNEY FIBER)
= 8 HEXAGONAL CELL ORTHOTROPIC KIDNEY FIBER)

3 z
IOPT ? (IF = 2 PROVIDE RATIO : IMPREGNATED RESIN(IF = 2 PROVIDE RATIO : 1PPREGNATED RESIN

HOIST : MESH DENSITY FARAPETER )
IOPT = ?

RATIO = C TXMIN = 0.3545 )
.5
E r NU ? (YOUNG MODULUS POISSON COEFF. ISOTROPIC FIEER)
84U00. .22
E o NU = ? (YOUN3 MODULUS POISSON COEFF. ISOTROPIC RESIN)
4000. .34

THE FIBERS ARE PARALLEL AT Xl

NOTATIONS El.E2,E3: YCUNG MODULI FIBER (COMPOSITE) DIRECTIONS X1,X2.X3
*IJ : FIBER C COMPOSITE ) SHEAR MODULI
NUCIJ; : FI3ER C COMPOSITE ) POISSON COEFFICIENT
ER : RESIN YOUNG MODULUS
NUR : RESIN POISSON COEFFICIENT
NEL : NUMBER OF ELEMENTS
NOE : NUMBER OF NODES
TXR : i-SIN IMPREGNATED RATIO IN VOLUME

* ISOTROPIC KIDNEY (0.29) FIBER *ISOTROPIC RESIN* MESH *

* El = 84000. . 612 = 34426. . NU12 = 0.220 * ER = 40G0. * NEL = 310 *

* E2 = 84000. . G13 = 34426. . NU13 = 0.220 * * NOE = 172 *

* E3 = 84000. . G23 = 3,9426. . NU23 = O.Z20 * NUR = 0.340 * TXR = .5041 *

* HOMCGENIZED ELASTIC TENSOR *
*a see as *a 000° .0 °II 0 as es ft em s see1 0000 so. 1 . Oi some some ease ea e* a1 sees moomeoft"

* 1 22 33 23 13 12 2
* 0.4673E+05 O.5663E+04 0.5663E+04 0.3834E+03 O.COOOE+O0 O.OOOOE+O0 *
* O.5663E+04 0.1463E+05 0.6551E+04 0.9122E+03 O.000OE00O.OOOOE+0O0 *
* 0.5663E+04 0.65511+04 0.14o3E+05 0.9122E+03 O.OOOOE+O0 O.OOOE+O0 *
* 0.3834E+03 O.9122E+03 O.9122E+03 0.4503E+04 O.O000E+O0 O.OOOOE+O0 *
* O.OOOOE+00 O.OOCOE+O0 O.O000E+O0 O.O000E+O0 0.4965E+04 0o.1195E+04 *
* O.OO00E+O0 O.O000E+O0 O.COCOE+O0 O.OOOOE O0 0.1195E+04 O.4965E+04 *



0
***************** ******** ********************** ************* ******

HOMOGENIZED COMPLIANCE TENSOR

* 11 22 33 23 13 12
* .2288E-04 -0.6141E-05 -0.6141E-05 0.5396E-06 O.CO00E+DO O.OOOOE+O0
* -0.6141E-05 0.8754E-04 -0.3o20E-04 -0.9878E-05 O.O000E+O0 O.OOOOE+O0
* -O.6141E-05 -0.3620E-04 0.8754E-04 -0.9877E-03 O.OO00E+00 O.OOOOE+O0

0 0.5396E-G6 -0.9878E-05 -0.9877E-05 0.2260E-03 O.O000E+00 O.OOOOE+O0
* O.OO00E+O0 O.OOCOE+O0 O.COOOE+00 0.O00E+00 0.213SE-03 -0.5146E-04

.* 0000E 00 O.O000EO0 O0.0000E+00 O.00E+O0 -0.5146E-04 0.2138E-03

ORTHOTROPY AXIS

* HOMCGENI ZED COPPLIANCE TENSOR (BISECTING DIRECTIONS) *. ... ...... . -..... a.. . . .......... ...... .... a... .... ........ .......... .
* 2 23 3 2 3 1 3 12 *
* O.22b3E-G4 -0.5371E-05 -0.6411E-05 0.1930E-12 O.O000E+O0 0.O000E+O0 *
* -0.5671E-05 0.7230E-04 -0.3083E-04 0.3689E-10 O.O000E+00 O.OOOOE+O0 *
* -O.6411E-05 -0.3083E-04 C.205E-04 -0.4395E-10 O.O000E+O0 0.OOOOE+O0 *
* 0.193JE-12 O.36b9E-10 -0.4395E-10 0.2475E-03 O.GOOOE+00 O.OOOOE+O0 *
* 0.O000E+O0 O.OOOOE+O0 O.OOOOE+O0 O.OOOOE O0 0.2o52E-03 -0.3174E-10 *

* O.O000E+00 0.O000E+O0 O.0300E+0 0.O000E+00 -0.3174E-10 0.1623E-03 *

* El = 0.436986DOO5 E2 = 0.13831BD405 E3 = C.108634D+05 *

NJ23 = U.4Z6484D+CO NU12 = 0.256556D400 NU13 = 0.280135D+00 *

* GZ3 = 0.4C4050D+04 G12 = 0.o16080D 04 G13 = 0.377019D+04 *

GENERIC NAME :

IFIO ? I = ISOTROPIC CIRCULAR FILER)
( = 2 ORTAOTROPIC CIRCULAR FIBER)
C = 3 ISOTROPIC KIDNEY FIBER)
S=4 CR7HOTROPIC KIDNEY FIBER)
C = 5 ISOTROPIC STAGGERED FIbER)
C = 6 CRTHOTROPIC STAGGERED FIBER)
C 7 HEXAGONAL CELL ISOTROPIC KIDNEY FIBER)
( = b HEXAGONAL CELL ORTHOTROPIC KIDNEY FIBER)

4
IOPT ? (IF = 1 PROVIDE RATIO : IPPREGNATED RESIN

(IF = 2 PROVIDE RATIO : IMPREGNATED RESIN
HDIST : MESH DENSITY FARAFETER

IOPT = ?
- 1
RATIO = ' ( TXMIN = 0.3545 )



imm

El E2 * E3 = ? (ORTHOTROPIC FIBERS // A Xl)
360000. 14500. 14500.
G12 . 01 0&21 = ? CORTHOTROPIC FIBERS IJ A X1)33 00 38 0 000. 0 0,,

NU12 o NU13 o NU23 = (ORTHOTROPIC FIBERS I/ A Xl)
.22 .22 .25
E o NU = ? (YOUNG MODULUS POISSON COEFF. ISOTROPIC RESIN)
1520. .38

THE FIBERS ARE PARALLEL AT X1 z
m

NOTATIONS EIE2,E3: YCUNG MODULI FIBER (COMPOSITE) DIRECTIONS XlX2,X4
GIJ : FIBER C COMPOSITE ) SHEAR MODULI
NUCIJ) : FIBER ( COMPOSITE ) POISSON COEFFICIENT
ER : RESIN YOUNG MODULUS
NUR : RESIN POISSON COEFFICIENT
NEL : NUMBER OF ELEMENTS
NO: : NUM8ER OF NODES
TX9 : RESIN IMPREGNATED RATIO IN VOLUME

******* ****** *1/*/1***It*/***k/*******It******** ****It******/*/******

* KIDNEY FIBER (0.29) ORTHOTROPIC *ISOTROPIC RESIN* MESH *

.. O. s1 sm e.". 1. .0 0 . 11 * amoan .6.0 0 s * o . . ..ll 0 -. 0 S * 1 a° Om a n* S n*

" El = 330000.. G12 = 36000. . N012 = 0.220 * ER = 3520. * NEL = 310 *

" E2 = 14500. . G13 = 38000. . NU13 = 0.220 * * NOE = 172 *

" E3 = 1400. . G23 = 2G00. . NU23 = 0.250 * NUR = 0.380 * TXR = .5041 *

• HOMOGENIZED ELASTIC TENSOR *
*Sama a..."~* a.m. *S assess ..... ..0600sfet .... ease sees moo*.. s..... so**~ see**

* 11 22 33 23 13 12*
* .1927E+06 0.4129E+04 0.4129E+04 0.1017E+02 O.C000E+0O O.OOOOE+O0 *

* 0.4129E+04 0.9432E+04 0.4565E+04 0.1899E+03 O.CO00E+O0 O.OOOOE+0O *
* 0.4129E+04 0.4565E+04 0.9432E+04 0.1899E 03 O.O000E+O0 O.O000E+O0
* 0.1017E+02 0.1899E+03 0.1899E+03 0.3536E+04 O.CO00E+O0 O.OOOE+O0 *
* O.OOOOE+00 0.O000E+00 0.GO00E+O0 0.O00E+O0 0.4438E 04 0.1145E+04 *

0 O.O000E+O0 0.O000E+OU 0.0000E+O0 0.G000E+O0 0.1145E+04 0.4438E+04 *
***r ** * ***** ***** *i t* i* * I** ** ** ***************r/t * *** ** *** ** **it ***r* * ** * ** * t* * *

* HOMOGENIZED COMPLIANCE TENSOR *

S 1 2 2 3 3 2 3 1 3 12 *
* 0.5256E-05 -0.1553E-05 -0.1553E-05 0.1517E-06 O.O000E+O0 O.OOOOE O0 *
* -0.1553E-05 0.1390E-03 -0.6651[-04 -0.3888E-05 0.COQ0E+O0 O.OOOOE+0O
* -0.1553E-05 -0.6651E-04 0.1390E-05 -O.3888E-05 O.OOOOE+0 O.OOOOE+0O *
SO.1317E-06 -0. db8E-05 -0.3888E-05 0.2b32E-03 O.CO00E+00 O.O000EO0 *

* O.OOOE+O0 0.0O0OE+O3 O.COOOE+00 O.OOOOE 0O 0.2414E-03 0:6225E04 *
* O.O000E+00 0.0003E+OU O.OJOUL+00 O.O000E+00 -0.6225E-04 0.2414E-03 *



CRTHOTROPY AXIS

*HOMOGENI ZED COPP. NCE TEKSOR (BISECTING DIRECTIONS) *M
*ass a se *ani mel mem.oi wl gil we O0 a. a0 0. .gI. Sa awe a a OO a a ease so a m esaO. ll a*, 0.o me sees som s O 04,

1 11 2 2 3 3 2 3 1 3 1 2
*0.5256E-05 -0.1477E-05 -0.1628E-05 -0.1109E-15 O.0000E+00 0-0000E+O00

* -0.1477E-05 0.1052E-03 -0.345SE-04 -0.1007E-12 O.CO0OE O0 0.O00OE+00
* -0.1628E-05 -0.3458E-04 0.1109E-03 0.1064E-12 0.0000E+00 O.O000E+O0
* -0.1109C*-15 -0.1007E-12 (i.1064E-12 0.4,110E-03 O.0000E+O0 O.0000E+ 0*
*O.0000E 00 O. OO000EO 0.0000E+00 O. O00O00 0.3036E-03 0.4099E-12
*0.0000E 00 0.0000E 00 0.0000E+00 0=0000E 00 0.4099E-12 0.1791E-03

*El = 0.19024 3D+06 E2 = 0. 969418D+04 E3 = C.901470D 04

*NU23 = 0=.3351900+00 NL12 = 0.12.80952D+ 00 NU13 = 0.309803D+00*

*G23 = 0.243337D+04 Gill = 0. 558297D+04 G13 = 0.329352D+04

GTENERIC IAME:

50

IFIB ? I I SOTROPIC CIRCULA R FIBER)
(=2 CRTd OTROPIC CIRCULAR FIBER)
(=3 ISOTROPIC KIDNEY F13ER)4 R TRTHOTROPIC KIDNEY FIBER)
(=5 ISOTROPIC STAGGERED FIBER)
(=6 CkTHOTROPIC STAGGERED FIBER)
(=7 HLXAGONAL CELL ISOTROPIC KIDNEY FIBER)

6 HEXAGONAL CLLL ORTHOTROPIC KIDNEY FIBER)

50

*OPT ? (IF = I PROVIDE : LIANGTH RATIO
: RESIN INTEGRATED RATIO(IF = 2 P*CVIDE : L . RATIO AND HDIST : DESITY

M;ESH PARAMETER

L ?
1.73
RATIO ? C >0.199
.5
E P NU = ? (YOUNG MODULUS POISSON COEFF. 1SOTF;OPIC FTeER)
84000. .22
E e NU = ? (YOUN,; MODULUS POISSON COEFF. ISOTR OPIC RESIN)
4000. .34

THE FIBERS ARE PARALLEL AT X1

* 0.t52l56E- i5 I-O.l 477E-0l5 t-O. 1628E-05 -O.1109E-15 O.itilOOOOiE+OOt t 0it OOtOEtOO ti



NOTATIONS EI.E2.E3: YCUNG MODULI FIBER (COMPOSITE) DIRECTIONS X1.X2.X3A
GIJ : FIBER C COMPOSITE SHEAR MODULICV
NU*IJ) : FIBER ( COMPOSITE POISSON COEFFICIENT 0
ER : RESIN YOUNG MODULUS a
NUR : RESIN POISSON COEFFICIENT
NEL : NUMBER OF ELEMENTS
NO; NUMBER OF NODES
TXR RESIN IMPREGNATED RATIO IN VOLUME

m

m

* STAGGERED CIRCLE FIBER(1.73) ISOTROPIC *ISOIROPIC RESIN* MESH

* El = 84000. . 612 = 34426. . NU12 = 0.220 * ER = 40CO. * NEL = 224 *'

* E2 = 84000.. G13 = 34426. . NU13 = 0.220 * * NOE = 135 *

* E3 = 84000. - 623 = 34426. . NU23 = 0.220 * NLR = 0.340 * TXR = .5129 *

** **** ** ** ,****** ** **** ** ** **** ** ******** ** ** **** **** **** ***** *** ******* ****

* HOMOGENIZED ELASTIC TENSOR *
...... . . Il. a. Il i ll l I. 1 1O II...IIO... . . . .. ... aI . O.... a. .... ......O . a 1 I*

11 22 33 23 13 12
* 0.4586E+05 0.5246E+04 0.5259E+04 -0.8083E-13 C.C000E+00 O.O000E+O0 *
* 0.5246E+04 0.1352E+05 0.5675E+04 -0.16b7E-12 0.0003E+00 0.O000E+O0 *
* 0.5259E+04 0.5675E+04 0.1359E+05 -0.2499E-12 0.0000E+00 0.0000E+00 *
* -0.80b3E-13 -0.1687E-12 -0.2499E-12 0.3863E+04 O.OOOOE+00 0.0000E+00 *
* 0. 0 000E+00 0.000JE+00 C.COOOE+O0 0.O000E+O0 0.4005E+04 O.5464E-03 *
* 0.0000E+00 O.OOC3E+00 0.COO3E+00 0.OO0O+0 0.5464E-03 0.4016E+04 *

* HOMOGENIZED COMPLIANCE TENSCR *

* 1 22 33 23 1 3 12 *
* 0.2326E-04 -0.6359E-05 -0.6343E-05 -0.2005E-21 O.COOOE+00 0.000JE+00 *
* -0.6359E-05 0.9140E-04 -0.3572E-04 0.1539E-20 O0.0000E+00 *.OOOOE+C0
* -0.6348E-05 -0.3572E-04 0.9098E-04 0.4172E-20 O.OOOOE+00 0.000 O0 *
* -0.2005E-21 0.1539E-20 0.4172E-20 0.2576E-03 0.3OOE+0O0 0.O000E+O0 *
* .O.OOOE+O0 0.0O0. E+00 0O.O000E+00 0.2497E-03 -0.3397E-10 *
* O.O000E 00 0.0000E+00 O.COOE+00 0.0000E+03 -0.3397E-10 0.2490E-03 *

* El = 0.429907D+05 E2 = 0.1094140+05 E3 = C.109914D+05 *

* NU23 = 0.390776D+00 NU12 = 0.273366D+00 NU13 = C.272890D+00 *

* 623 = 0.388259D+04 G1. = 0.401618D*04 G13 = 0.400490D+04 *



ROTATION 45 DEGREES AROUND X1 C0
0

************** ******** ******r***** * d**** *************i*******-

* HOMOGENIZED COPPLIANCE TENSOR (BISECTING DIRECTIONS) *

* 11 22 33 23 13 12
* 0.2326E-04 -0.6353E-05 -0.6353E-05 0.1152E-07 O.OO00E+00 O.OOOOE+O0
* -0.6353E-C5 0.9213E-04 -0.3665E-04 -0.2076E-06 O.OO00E+O0 0.O000E+O0 :
* -0.6353E-05 -0.3o65E-04 0.9213E-04 -0.2076E-06 O.O000E+O0 0.O000E+O0 *
* 0.1152E-07 -0.2076E-06 -0.2076E-06 O.2538E-03 O.OOOOE+O0 O.O000E+O0 V
* O.O000E+00 0.0000E+00 0.000E+00 O.O000E+03 0.2493E-03 0.3508E-06 *m
* O.O000E+O0 0.OOG0E+00 O.O000E+O0 O.O000E+O0 0.3508E-06 0.2493E-03*************** ***************kv********* k********** k*k~************* **** **

m

** *t *.kd**€**k* k'"*k** **k* ' l*kk* ****l**V * *d* 'k*i* ki *

El = 0.429907D+C5 E2 = 0.108546D*05 E3 = 0.108546D+05 *

NU23 = 0.397661D+CO NU12 = 0.273138D400 NU13 = 0.273138D+00 *

G23 = C.3;400OD+04 G12 = 0.401053D+04 613 = 0.401053D+04 *

GENERIC NAME
:T6
IFIB ? 1 ISOTROPIC CIRCULAq FI6ER)

2 ORTHOTROPIC CIRCULAR FIBER)
3 3 I!OTROPIC KIDNEY FI6ER)

S=4 ORTHOTROPIC KIDNEY FIBER)
C = 5 ISOTROPIC STA4GERED FIBER)
C = 6 CRTHOTROPIC STAGGERED FIBER)
C = 7 HEXAGONAL CELL ISOTROPIC KIDNEY FIBER)
C = 6 hEX,,GONAL CELL ORTHOTROPIC KIDNEY FlEER)

6
IOPT ? (IF = 1 PROVIDE : LENGTH RATIO

: RESIN INTEGRATED RATIO
(IF = 2 PROVIDE : L o RATIO AND HDIST : DENSITY

RESH PARAMETER )
2
L ?
I
RATIO ? >0.342 )
.5
HDIST ? (< 0.15)
.1
El , E2 , E3 = ? (ORTHOTROPIC FIBERS II A Xl)
3b0000. 14500. 14500.
G12 r G13 , G23 = ? (ORTHOTROPIC FIBERS /I A X)
38000. 3800. 20000.
NU12 P NU13 , NU23 = ? (ORTHOYROPIC FIBERS II A Xl)
.22 .22 .25
E r NU = ? (YOUNG MODULUS POISSON COEFF. ISOTROPIC RESIN)
3520. .38

THE FIBERS ARE PARALLEL AT XI



rm

0
0

NOTATIONS E1L2.E3: YCUNG MODULI FIBER (COMPOSITE) DIRECTIONS X1,X2oXi
GIJ : FIdER ( COMPOSITE ) SHEAR MODULI
NU(IJ) : FIBER ( COMPOSITE ) FOISSON COEFFICIENT
ER : RESIN YOUNG MODULUS
NUR : RESIN POISSON COEFFICIENT o
NEL : NUM6ER OF ELEMENTS
NOE : NUMBER OF NODES 9
TXR : RESIN IMPREGNATED RATIO IN VOLUME zm

m

Z,

* STAGGERED CIRCLE FIaER(1.O0) ORTHOTROPIC *ISOTROPIC RESIN* MAILLAGE N

*** * 0 .o e.a 0- me Me . *e* * *eee* o* .a.s. * e *..o ueee oo.e o.e.*

* El = 380000. . G12 = 38000. . NU12 = 0.220 * ER = 3520. * NEL = 416 *

* E2 = 14500. . 613 = 38000. . NU13 = 0.220 * * NOE = 233 *

* E3 = 14500. . G23 = 20C00. . NU23 = 0.250 * NUR = 0.380 * TXR = .5083 *

* HOMOGENIZED ELASTIC TENSOR

2 122 3 3 2 3 1 3 1 2*
* 0.1911E+06 0.4126E+04 O.4126E+04 0.1870E-13 0.CO00E+0 0.O000E+O0 *

0.4126E 04 Q.9131E+04 0.4751E+04 0.3713E-13 O.COOE+O0 0.O000E+O0 *
* 0.4126L+04 G.475lE+04 0.9132E+04 -0.6529E-14 O.C000E+0 0.O000E+00 *
* 0.1870E-13 0.3713E-13 -0.6529E-14 0.4125E+04 O.CO00E+0 O.OOOOE+0 *
* 0.O000E+CO O.000OE+00 OOOOOE+00 O.C000E+0O 0.3562E+04 0.1212E-03 *
* O.O000E+03 0.0003E+O0 G.CO00E+O0 0.O000E+O0 0.121 2E-03 0.3562E+04 *

** ******** ******** ***************.*************** ********************* ":******
* HOMOGENIZED COMPLIANCE TENSOR *

....... ,.. ....... ,.. *~ .... .............................. *.
* 11 22 33 2 3 13 12 *
* 0.5300E-05 -0.1575E-05 -0.1575E-05 -0.1235E-22 O.COOOE+00 0.O000E+00 *
* -0.1575E-05 0.1506E-03 -0.7765E-04 -0.1472E-20 .GO00E+0O0 0.O000E+O0 *
* -0.1575E-05 -0.7765E-04 0.1506E-03 0.9445E-21 0.0O00E+00 O.OOOOE+0O *
* -0.1 235E-22 -0.1472E-20 0.9445E-21 0.2424E-03 O.COOOE+0O0 0.O000E+O0 *
* O.OOOOE+00 0.0309E+00 O.GOCOc+00 O.OOOOE+00 0.2807E-03 -0.9550E-11 *
* O.0000E+O0 0.0000E+00 0.0300E+0 O.OOOOE+O0J -0.9550E-11 0.2607E-03 *

* El = 0.188674D+06 E2 = 0.663894D+04 E3 = C.663952D+04 *

* NU23 = 0.5155220+00 NU12 = 0.297217D400 NU13 = 0.2971690+00

* 623 = 0.4125100+04 G12 = 0.3561950404 613 = G.356230D+04 *



bV

0
0C

ROTATION 45 DEGREES AROUND Xl

0

* HOMOGENIZED COPPLIANCE TENSOR (BISECTING DIRECTIONS) *Z.

* 11 33 23 13 12
* 0.5300E-05 -0.157jE-05 -0.1575E-05 0.2549E-09 O.OOOOE+O0 O.0000EO0
* -0.1575E-05 0.9709E-04 -0.2412E-04 -0.6483E-08 O.COOOE+O0 O.O000E+O0 0
* -0.1575E-C5 -0.2412E-04 0.9709E-04 -O.6483E-08 O.OOOOE+O0 O.000E+O00

O.2549E-09 -0.6483E-08 -0.6483E-08 0.4565E-03 O.CO00E+O0 0.CO00E+O0 Z
* 0 0000E+00 0.00E+O0 O.O00OE+OO O.0000E+00 0.2507E-03 -0.1381E-07 ir
* O.OOOOE+O0 O.OOOOE+O0 O.O003E+00 O.OOOOE+O0 -0.1381E-07 0.2807E-03 *

* El = O.168674D+C6 E2 = 0.1029980435 E3 = 0.102998D+05 *

* NU23 = 0.24B435D+00 NU12 = 0.2971930400 NU13 = 0.297193D 00 *

* G23 = 0.219038D+04 G12 = 0.356213D404 G13 = 0.356213D+04
*r *

GENERIC NAME
'T7
IFIB ? ( = 1 ISOTROPIC CIRCULAR FI3ER)

( = 2 CRTHOTROPIC CIRCULAR FIdER)
( = ~ ISOTROPIC KIDNEY FIBER)
( = 4 CRTH3TROPIC KIDNEY FIBER)
C = 5 ISOTROPIC STAGGERED FIBER)
S= 6 ORTHOTROPIC STAGGERED FIBER)

C = 7 PEXAGONAL C-LL ISOTROPIC KIDNEY FIBER)
7 = E HEXAGONAL CELL ORTHOTROPIC KIDNEY FIBER)7

RATIO = ? C TXMIN = 0.3961 )
.5
E - NU ? (YOUNG MODULUS POISSON COEFF. ISOTROPIC FIEER)
b40UO. .22
E r NU = ? (YOUNG MODULUS POISSON COEFF. ISOTROPIC RESIN)
4000. .34

THE FIBERS ARi PARALLEL AT X1

NOTATIONS E1,E2,E3: YOUNG MODULI FIBER (COMPOSITE) CIRECTIONS XI.X2.X3
GIJ : FIc3ER ( COMPOSITE ) SHEAR MCDULI
NU(IJ) : FIdER ( COMPOSITE ) POISSON COEFFICIENT
ER : RESIN YOUNG MODULUS
NUR : RESIN POISSON COEFFICIENT
NEL : NUMBER OF ELEMENTS
NOE : NUMCER OF NODES
TXR : RESIN IMPREGNATED RATIO IN VOLUME



Iin

a m

*HEXAGONAL CELL FISER ISOTROPIC KIDNEY *ISOTROPIC RESIN* MESH

*a0a e**0s*. a*. aa*.a0a .... .. . . . . . a i. . S

0* El = 84000. . G12 = 34426. . NU12 = 0.220 * ER 40GO. * NEL = 498 A

z* E2 84000.. G13 = 34426. . NU13 = 0.220 * * NOE = 274

* E3 = 84000. . u23 = 34426. . Nu23 = 0.220 * NUR 0.340 * TXR = .5089 z

********** ******** ****** ** ****** ****** ****** **** *a** **** ****** ***************g

* HOMOGENIZED ELASTIC TENSOR *

* 11 22 3 3 2 3 13 12 *
* 0.4o30E+05 0.5548E+04 0.554SE+04 Q.3217E-04 O. 000E+0 0.000OE+0 *
* 0.5548E+04 0.1449E+05 0.6149E+04 0.6630E-O4 O.COOOE+O0 0.O000E00 *
* 0.5546E+04 0.6149E+04 0.1449E+05 0.9458E-04 O.CJ0OE+00 O.0000E O0 *
* 0.3217E-04 0.6630E-04 0.9453E-04 0.4170E+04 0.CQ00E+00 0.O000E 00 *
* O.OOOOE+00 O.OOOOE+00 0.O000E+00 O.0000E+00 C.4507E+04 0.1544E-02 *
* U.OOOOE 0O O.000E+0O0 0.O000E+00 0.0OOOE+00 0.1544E-02 0.4507E 04

** ** *.**** ****** ** ****** ** ****************** *** * *** ******** ** ***************
-* HOMOGENIZED CO.PLIANCE 7ENSCR *

. a .... . .. .. .. ....... * * *. 0 ...... - m- .... "* 'as ....
* 1 2 2 3 3 2 3 1 3 1 2*

* 0.2309E-04 -0.62C7E-05 -0.6207E-05 0.6134E-13 O.COOOE+00 0.0000E+0
* -0.6207E-05 0.85b5E-04 -C.3406E-04 -0.5446E-12 .O000QE+00 O.0003E+O0 *
* -0.6207E-05 -0.3406E-04 0.ESb5E-04 -0.135&E-11 .CDOOE+O0 0.0000E+O0 *
* 0.ol34E-13 -0.5446E-12 -0.1353E-11 0.2398E-03 O.CQOOE+00 O.COOOE+0 -
* O.O000E+00 0.OCOE+O0 C.O000E0O 0.0000L+00 0.2219E-03 -0.7602E-10 *
* 0.OOOOE+OJ 0.OJOOE+O0J 0.COOOE+O0 O.OOOE+03 -0.7602E-10 0.2,l9E-03 *

* *

* E1 - 0.43315 2D C5 E2 = O.116479D405 E3 0.116479D 05 *

* Nd23 = 0.396722D C0 NU12 = 0.266842D+00 &U13 = 0.266842D 00

* G23 = 0.416972D+C4 ;12 = 0.450693D*04 613 = 0.450693D 04 *

ROTATION 45 DEGREES AROUND X1

• HOMOGENIZED COPPLIANCE TENSOR (8ISECTING DIRECTIONS) *

1 11 2 2 .33 23 1 3 1 2



0o.2309E-04 -0o.6207E-05 -0.6207E-05 -0.4191E-13 O.OOOOE O0 O.O000E+O0 ,.
* -0.6207E-05 0.8565E-04 -0.3406E-04 -O.2220E-12 O.O000E+O 0 OOOE0O0
* -0.6207E-05 -0.3406E-04 O.E585E-04 0.5913E-12 O.OOOOE+O0 0.OOOOE+O0
* -0.4191E-13 -0.2220E-12 0.5913E-12 C.2398E-03 0.0000E+O0 O.OOOOE+O0
* 0.O000E+O0 O.OOOOE+O0 O.COOOE+00 O.OOOOE+O0 0.2219E-03 -0.3729E-10
*O.000E+O0 0.O000E+000.000E+O0 O.OOOOE+O0.3729E-10 0.2219E-03i,

* El = 0.433152D+05 E2 0.116479D405 E3 = C.116479D+05

* NU23 = 0.3 6722D+C0 NU12 = O.268842D+30 NU13 = 0.268842D+O0 .

* G23 0.41697 2D+04 G12 O.450693D404 G13 O.450692D0 4 ,

GENERIC NAME

"IFIE ? C I ISOTROPIC CIRCULAR FIBER)
C = 2 ORTHOTROPIC CIRCULAR FIBER)
C =3 ISOTROPIC KIDNEY FIBER)
C = 4 ORTHOTROPIC KIDNEY FI3ER)
( = 5 ISOTROPIC STAGGERED FIBER)
( = 6 ORTHOTROPIC STAGGERED FIEER)
( = 7 HEXAGONAL CELL ISOTROPIC KIDNEY FIBER)
C = HE-XAGONAL CELL ORTHOTROPIC KIDNEY FIBER)

RATIO = ? ( TXMIN = 0.3961 )
.5
El o E2 , E3 = ? (ORThOTROPIC FIBERS II A Xl)
360000. 14500. 14500.
612 o G13 o G23 = ? (ORTHCTROPIC FIBERS I/ A l)
36000. 38000. 20000.
NU12 r NU13 • NU23 7 (ORTHOTROPIC FIBERS II A Xl)
.22 .22 .25
E r NU = ? (YOUNG MODULUS POISSON COEFF. ISOTROPIC RESIN)
3520. .38

THE FIaERS ARE PARALLEL AT Xl

NOTATIONS ElE2,E3: YOUNG MODULI FIBER (COMPOSITE) DIRECTIONS XIX2rX3
GIJ : FIaER C COMPOSITE ) SHEAR MCDULI
NU(IJ) : FI0ER ( COMPOSITE ) POISSON COEFFICIENT
ER : RESIN YOUNG MODULUS
NUR : RESIN POISSON COEFFICIENT
NEL : NUM8ER OF ELEFENTS
NOE : NUMbER OF NODES
TXR : RESIN IMPREGNATED RATIO IN VOLUME

*HEXAGONAL CELL FIt3ER ORTiOTROPIC KIDNEY *ISOTROPIC RESIN* MESH *

*0wo So o 0. 0. asses Olo o . o o.0 .6 . 0 . .seem*owes 0060*0 eaf oe maoss. ° 6 0 *0some seesO 
*



* E1 = 380000. . ,12 = 36000. . NL12 = 0.220 * ER ; 3520. 4 NEL = 498 *

* E2 = 14500. . 615 = 38000. . NL'13 = 0.220 * * NOE = 274 *

* E3 = 14500. . 623 = 2000. . NU23 = 0.250 A NUR = 0.380 * TXR = .5089 *

-- 0

* HOMOCGENIZED ELASTIC TENSOR
* 1 1 22 33 23 1 3 1 2
* 0.1909L+06 0.4127E+04 0.4128E+04 -0.2039E-05 0.O00E+00 0.O000E+00 *g
* 0.4127E+04 0.9448E+04 0.448SE+04 0.7904E-05 0OCOOOE+0O0 0.OOOOE00 *0
* 0.4126E+04 C.4488E+04 0.9477E+04 0.2161E-04 0.OO00E+O0 O.OOOOE+00 *'
* -0.2039E-05 0.7904E-05 C.2161E-04 0.3341E+04 O.COOOE+00 O.O000E+00 *

0* .O000E+00 0.O000E+00 0.O000E+00 O.0O00E+00 0.3980E+04 0.295SE-02 *g
* O.O000E+O0 O.OOOOE+0 O.C3OOE+00 O.O000E+O0 0.2958E-02 0.3980E+04 *z

.=****** **** ******** ***********.****************** ****************************m

* HOMOGENIZED COMPLIANCE "ENSOR rn

* 11 2 2 33 2 3 1 3 1 2
* 0.5307E-05 -0.1574E-05 -0.1566E-05 0.1710E-13 O.OOOOE+00 0.0000E+00 *
* -0.1574E-05 0.1370E-03 -0.6420E-04 0.9U21E-13 O.O0O0E+00 O.OOOOE+00 *
* -0.1566E-05 -0.6420E-04 0.1366E-03 -0.7328E-12 0.O000E+00 0.O000E+00 *
* 0.1710E-13 0.9021E-13 -0.732oE-12 0.2993E-03 O.O000E+00 0.O000E+00 *
* 0.0000E+00 O.OO0OE+00 O.GO00E+00 0.CO00E+00 0.2513E-03 -0.1867E-09 *
* 0.O000E+00 O.OOOOE+0O0 0.GOOE+Q0 0.C00U+00 -0.1867E-09 0.2513E-03 *

* El = 0.188440D+C6 E2 = 0.729813D04 E3 = 0.732080D+04 *

* NJ23 =0.466510D+CO NU12 = 0.296674D400 NU13 = C.295099D+00 *

* G23 0.33408 1D+C4 G12 = O.397974D0 , G13 = 0.397974D+04

ROTATICN 45 DEGREES AF3UND Xl

* HUMOGENIZED COPPLIANCE TENSOR (BISEC7ING DIRECTICNS) *

* 1 1 2 2 3 3 2 3 1 3 1 2
* 0.5307E-05 -0.1 570E-05 -0.1570E-05 0.8355E-08 O.CO00E+00 0.O000E+00 *
* -0.1570E-05 0.1111E-03 -0.3653E-04 -0.2122E-06 0.0000E+00 O.O000E+O0 *
* -0.1570E-05 -0.3853E-04 0.1111E-03 -0.2122E-06 0.O000E+O0 O.0OOOE O0 *
* 0.8355E-08 -0.2122E-06 -0.2122E-06 0.4020E-03 0.GOOOE+O0 0.O000E+00 *
* O.COODE+O0 0.O000E+0J 0.O00UE+O0 0.O000E 00 0.2513E-03 -0.1117E-10 *
* O.GUOOE+0O O.O000E+00 O.COOOE+OJ 0.OOCO O0 -0.1117E-10 0.2513E-03 *

* El = 0.188440D+06 E2 0.899775D*04 E3 = 0.899775D+04 *

* NU23 = 0.346643D+00 NU12 z 0.295E86D+00 NU13 = 0.295886D+00 *

* G23 = 0.24E750D+04 G12 = 0.397974D04 G13 = 0.397973D+04 *
* l*



Listing 2: Evaluation of Microstress Fields

C 0 m p 0 15-JUL-1987 at 12:21:55

HOMOGENIZATION LAMINATED COMPOSITE

0
m

STAGGERED FIBERS PARALLEL TO THE AXIS X3 *
*

9
N N *

(X) ( Y ) A = 0.28209479D-03 *
FIBER SECTION : + = 1 ; WITH :B = 0.28209479D-03 *

(A) (B) N = 0.20000000D+01 .

SPACING OF FIBERS : IN X = O.1000D-02 IN Y = 0.1000D-02 *

NUMBER OF ELEMENTS- 104 NUMBER OF NODES= 69 RESIN RATIO = .5130 *
* e o ~ e e e e e o~ e e o e o e ~ e ~ e e e e e eo * o o * *

*.................................................................................................*

ISOTROPIC RESIN CHARACTERISTICS

YOUNG'S MODULUS = 3520.0 POISSON'S COEFFICIENT = 0.38000 *

•* o .s ,a # eeee e e eee o eo e o o es eo e e ••,' o eo eo e *

................................................................................................. *

• ORTHOTROPIC FIBER CHARACTERISTICS *

• El = 0.380000D+06 E2 = 0.145000D+05 E3 = 0.145000D+05 *
• G23 = 0.200000D+05 G13 = 0.380000D+05 G12 = 0.380000D+05 *
• NU23 = 0.250000D+00 NU13 = 0.220000D+00 NU12 = 0. 220000D+00 *

• HOMOGENIZED ELASTIC TENSOR *
*.................................................... ................................... ......... *

• 11 22 33 23 13 12 *
* 0.1336E+05 0.5647E+04 0.4021E+04 0.O000E+00 0.O000E+00 0.3978E-12 *

*0.9492E+04 0.3999E+04 0.OOOOE+00 0.OOOOE+00 -0.5453E-13
• 0.1094E+05 O.O000E+O0 O.OOOOE+00 0.5360E-14 *
• 0.3472E+04 0.3325E-03 O.OOOOE+00 *
* 0.3767E+04 0.O000E+00 *
• 0.5600E+04 *

• HOMOGENIZED COMPLIANCE TENSOR *

......................................................................... ........................ *

1 11 2 2 3 3 2 3 1 3 1 2
• 0.1030E-03 -0.5359B-04 -0.1828E-04 0.O000E+00 0.O000E+00 -0.7823E-20 *

0 O.1524E-03 -0.3604E-04 O.OOOOB+00 O.OOOOE+O0 0.5326E-20 *
* 0.1113E-03 0.O000E+00 0.O000E+O0 0.8409E-21 *
• 0.2880E-03 -0.2542E-10 0.OOOOE+00
• 0.2655E-03 0.O000E+O0 *
* O. 178SE-03 *



EQUIVALENT MODULI *

• El = 0.970682D+04 E2 = 0.656066D+04 E3 = 0.898111D+04 *
* , 23 = 0.347231D+04 C13 = 0.376700D+04 G12 = 0.65gglD+04 *

0
• NU23 0.236448D+00 NU13 = 0. 177422D+00 NU12 = 0.5201841D+00 *oo

! I z

I

0!MESH z

NUMBER OF ELEMENTS : 104 NUMBER OF NODES 28

SD = 1 --> FIBER

SD = 2 --> RESIN

ELE ! SD ! NODES i NODES COORDINATES

1 1 1 1 2 1 3 0 1 X :-5.ooE-04 -5.OOOE-04 -3.590o-04 0.000H+00
! Y :-3.59OE-04 -5.000E-04 -5.000E-04 0.O00E+00

2 !I 1 1 2 3 10 0 ! X :-5.000E-04 -3.590E-04 -3.005E-04 O.OOOE+00
! Y :-3.590E-04 -5.000E-04 -3.005E-04 O.O00E+00

3 1 1 ! 2 9 8 0 ! X :-5.000E-04 -3.839E-04 -5.000E-04 0.O00E+00
1 Y :-3.59OE-04 -2.42gE-04 -2.179E-04 0.O00E+00

4 ! 1 ! 2 10 9 0 I X :-5.000E-04 -3.005E-04 -3.839E-04 0.O00E+00
Y :-3.590E-04 -3.005E-04 -2.429E-04 O.O00E+00

5 ! 1 I 10 3 11 0 I X :-3.005E-04 -3.590E-04 -2.429E-04 0.OO0E+00
Y :-3.005E-04 -5.000E-04 -3.839E-04 O.OOOE+00

a i 1 11 3 4 0 : X :-2.429E-04 -3.59OE-04 -2.179E-04 O.OOOE+00
! Y :-3.839E-04 -5.000E-04 -5.OOOE-04 0.O00E+00

7 ! 2 I 11 4 12 0 ! X :-2.429E-04 -2.179E-04 -1.090E-04 O.OOOE+00
! Y :-3.839E-04 -5.000E-04 -5.000E-04 O.OOOE+00

8 ! 1 I 13 14 5 0 ! X : 5.000E-04 3.590E-04 5.000E-04 0.O00E+00
£ Y :-3.590E-04 -5.000E-04 -5.00OE-04 O.OOOE+00

9 I 2 I 16 12 6 0 1 X : 0.O00E+00 -1.090E-04 0.O00E+00 0.O00E+00
1 Y :-3.910E-04 -5.000E-04 -5.000E-04 O.OOOE+00

10 1 2 ! 16 6 15 0 ! X : O.OOOE+00 O.OOOE+00 1.09OE-04 O.OOOE+00
I Y :-3.910E-04 -5.000E-04 -5.OOOE-04 O.O00E+00

11 I 1 I 17 7 14 0 1 X : 2.429E-04 2.179E-04 3.590E-04 0.O00E+00
I Y :-3.839E-04 -5.OOOE-04 -5.000E-04 O.OOOE+00

12 I 2 1 17 15 7 0 1 X : 2.429E-04 1.090E-04 2.179E-04 O.OOOE+00
I Y :-3.839E-04 -5.000E-04 -5.000E-04 0.O00E+00

13 I 2 1 9 18 8 0 I X :-3.839E-04 -5.000E-04 -5.000E-04 0.O00E+00
! Y :-2.429E-04 -1.090E-04 -2.179B-04 O.OOOE+00

14 1 2 1 9 19 18 0 1 X :-3.839E-04 -2.571E-04 -5.000E-04 0.O00E+00
I Y :-2.429E-04 -1.161E-04 -1.090E-04 O.OOOE+00

15 I 2 1 10 19 9 0 I X :-3.005E-04 -2.571E-04 -3.839E-04 O.OOOE+00
I Y :-3.005E-04 -1.161E-04 -2.429E-04 O.OOOE+00

16 1 2 1 10 21 20 0 1 X :-3.005E-04 -1.161E-04 -1.995-04 0.000E+00
I Y :-3.005E-04 -2.571E-04 -1.995B-04 0.000E+00

17 I 2 I 11 21 10 0 I X :-2.4298-04 -1.1818-04 -3.005B-04 0.000H+00
I Y :-3.839B-04 -2.571E-04 -3.005E-04 0.000E+00



11'2 1 10 20 19 0 1 X :-3.005B-04 -1.995E-04 -2.571E-04 0.OOOE+O0
*I Y :-3.005B-04 -1.995B-04 -1.161B-04 0OOOE.00O

19 I 2 I 11 12 21 0 1 X :-2.429E-04 -1.OQOE-04 -1.1611E-04 0.OOOE+00
*I Y :-3.839B-04 -5.OOOE-04 -2.571E-04 0.OOOEi-00

20 1 2 1 21 12 18 0 1 X :-1.161B-04 -1.090E-04 0.0002+00 0.OOOB+00
I Y :-2.571E-04 -5.000E-04 -3.910E-04 0.OOOB+00

21 1 1 1 13 23 24 0 1 X 5.OOOB-04 3.839E-04 3.005B-04 0.OOOE+00
I Y :-3.590E-04 -2.429B-04 -3.005B-04 0.OOOE+00

22 1 1 1 13 24 14 0 1 X : 5.OOOE-04 3.005E-04 3.590E-04 0.OOOE+00 0
I Y :-3.590E-04 -3.005E-04 -5.OOOR-04 0.OOOE+00

23 I 1 1 13 22 23 0 1 XI 5.OOOE-04 5.OOOE-04 3.839E-04 0.OOOE+00
Y :-3.5QOE-04 -2.179E--04 -2.429E-04 0.OOOE+00

24 I1 I24 17 14 0 1 X 3.005E-04 2.429B-04 3.590E-04 O.OOOE+0
1Y :-3.005SE-04 -3. 83OE-04 -5. OOOE-04 0. OOOE+0

25 12 !17 25 15 0 1 XI 2.429E-04 1.161B-04 1.O9OE-04 0.OOOE+00
Y :-3.839B-04 -2.571E-04 -5.OOOE-04 0.OOOE+00M

26 1 2 1 25 18 15 0 ! X 1.161E-04 0. OOOE+O0 1.0g0-04 0. OOOE+00 4

! Y :-2.571B-04 -3.910E-04 -5.OOOB.-04 0.OOOB+00
27 1 2 ! 21 16 26 0 1 X :-1.161B-04 0.OOOE+0O O.OOOE+IO 0.OOOE+0

IY :-2.571E-04 -3.910E-04 -2.821B-04 0.OOOE+00
28 ! 2 I 25 26 16 0 I XI 1.161B-04 0.000E+OO O.OOOE+00 0.OOOE+00

1 Y :-2.571E-04 -2.821E-04 -3.910E-04 0.OOOE+0
29 1 2 I17 24 25 0 ! XI 2.429E-04 3.005E-04 1.161E-64 0.OOOB+00

I Y :-3.839E-04 -3.005E-04 -2.571E-04 O.OOOE+00
30 1 2 I18 19 28 0 I X :-5.OOOB-04 -2.571B-04 -3.910E-04 0.OOOE+00

!Y :-1.090E-04 -1.161E,-04 0.OOOE+00 0.OOOE+00
31 I2 I18 28 27 0 X :-5.OOOE-04 -3.910E-04 -5.OOOE-04 0.OOOE+00

Y :-l.OQOE-04 O.OOOE+00O0.OOOE+00 0.OOOE+00
32 1 1I 19 30 29 0 1 X :-2.571E-04 -1.410E-04 -2.821E-04 0.OOOE+00

!Y :-1.161E-04 0.OOOE+00 0.OOOE+00 0.OOOE+00
33 1 2 ! 28 19 29 0 ! X :-3.910E-04 -2.571B-04 -2.821E-04 0.OOOE+00

1Y :0. OOOE+00 -1.161E-04- 0.OOOE+00 0.OOOE+00
34 I 1 20 30 19 0 1 X :-1.9g5E-04 -1.410E-04 -2.571E-04 0.OOOE+00

1Y :-1.995B-04 0.OOOE+00 -1.161E-04 0.OOOE+00
35 1 1 1 21 31 20 0 1 X :-1.161B-04 0.OOOE+00 -1.995E-04 0.OOOE+00

I Y :-2.571B-04 -1.410E-04 -1.995E-04 0.OOOB+00
36 ! 1 ! 20 31 30 0 X :-1.995E-04 0.OOOE+00 -1.410E-04 0.OOOE+00

IY :-1.995E-G04 -1.410E-04 0.OOOE+00O0.OOOE+00
* 37 ! 1 ! 21 26 31 0 X :-1.161E-04 0.OOOE+00 O.OOOE+00 0.OOOE+00

I Y :-2.571B-04 -2.821B-04 -1.410E-04 0.OOOE+00
38 ! 2 ! 23 22 32 0 ! XI 3.839E-04 5.OOOE-04 5.OOOE-04 0.OOOE+00

I Y :-2.429B-04 -2.179E-04 -1.0OBO-04 0.OOOE+00
39 I2 1 24 23 33 0 X : 3.005E-04 3.839E-04 2.571E-04 0.OOOE+00

Y :-3.005E-04 -2.429E-04 -1.161E-04 0.OOOE+00
40 I2 1 23 32 33 0 1 X 3.839B-04 5.OOOB-04 2.571E-04 0.OOOE+00

I Y :-2.429E-04 -1.090E-04 -1.161E-04 0.OOOE+00
41 I 2 ! 24 33 34 0 1 XI 3.005B-04 2.571B-04 1.995B-04 0.OOOE+00

I Y :-3.005E-04 -1.161E-04 -1.995B-04 0.OOOE+00
* 42 ! 2 I 24 34 25 0 1 XI 3.005B-04 1.995B-04 1.161E-04 0.OOOE+00

!Y :-3.005E-04 -1.995E-04 -2.571B-04 0.OOOE+00
43 1 1 I 25 34 31 0 I Y : 1.161E-04 1.995B-04 0.OOOE+00 0.OOOE+00

1 :-2.571B-04 -1.995E-04 -1.410E-04 0.OOOE+00
44 I 1 I 25 31 26 0 1 X 1.160B-04 0.OOOE+00 0.OOOE+00 0.OOOE+00

I Y :-2.571E-04 -1.410E-04 -2.821B-04 0.OOOE+00
45 I 2 1 36 27 28 0 I X :-5.OOOB-04 -5.OOOE-04 -3.910E-04 0.OOOE+00

I Y :1.090B-04 0.OOOE+00 0.OOOE+00 0.OOOE+00
48 1 2 1 36 28 37 0 1 X :-5.OOOE-04 -3.910E-04 -2.571E-04 0.OOOE+00

I Y :1.090B-04 0.OOOE+00 1.161B-04 0.OOOE+00
47 1 2 1 28 29 37 0 I X :-3.91OE-04 -2.821B-04 -2.671B-04 0.OOOE+00

I Y :0-OOOE+00 0.OOOE+00 1.161E-04 0.OOOE+00



48 1 1 I 37 29 30 0 1 X :-2.571B-04 -2.821B-04 -1. 410B-04 0.0003O+00
49 1 1 1 30 35 39 0 1 X :-1.410E-04 0.0003+00 0.0003+00 0.0003+00

I Y 0 .0003+00 0.0003+00 1.4103-04 0.0003+00
50 1 1 1 38 30 39 0 1 X :-1.995B-04 -1.4103-04 0.0003+00 0.0003+00

I Y : 1.995B-04 0.0003+00 1.4103-04 0.0003+00
51 1 1 1 30 31 35 0 1 X :-l.4103-04 0.0003.00 0.0003+00 0.0003.00

I"I Y :0.0003.00 -1.4103-04 0.0003+00 0.0003.00
52 I 1 I 38 37 30 0 I X :-1.9953,-04 -2.571B-04 -1.4103-04 0.0003.00 0

IY : 1.995B-04 1.161B-04 0.0003+00 0.0003+00
53 1 1 I 34 40 31 0 1 XI 1.9953-04 1.4103-04 0.0003+00 0.OOOE+00

1 Y :-1.995B-04 0.0003+00 -1.4103-04 0.0003.00
54 I 1 I 40 35 31 0 ! XI 1.4103-04 0.0003+00 0.0003.00 0.OOOE.00

55 Y 2 I 2 4 4 .OOOE.00 0.0003+00 -1. 4103-04 0.0003B+00
55~~~~ ~ ~ 1 2 41 4 : 5.000B-04 5.0003-04 3.9103-04 0.0O000

1 Y :-1.090B-04 0.0003.00 0.0003.00 0.0003+00 r

56 1 2 1 32 42 33 0 1 XI 5.000O3-04 3.9103-04 2.571E-04 0.0003+00
Y :-1.090E-04 0.0003+00 -1.1613-04 0.OOOE+00 m

57 1 1 ! 33 43 40 0 1 X 2.5713-04 2.821B-04 1.4103-04 0.0O00f
!Y :-l.1613-04 0.0003.00 0.0003+00 0.0003+00

58 ! 2 I 42 43 33 0 ! XI 3.9103-04 2.8213-04 2.5713-04 0.0003+00
1Y 0 .0003.00 0.0003+00 -1. 161B-04 0.OOOE.00

59 1 1 1 34 33 40 0 I XI 1.995E-04 2.571E-04 1.4103-04 0.0003.00
!Y :-1.995E-04 -1.161E-04 0.0003.00 0.0003.00

60 1 1 ! 40 39 35 0 IX :1.4103-04 0.0003+00 0.0003+00 0.0003+00
IY 0 .0003.00 1.4103-04 0.0003.00 0.0003+00

61 I2 I 45 44 36 0 X :-3.839B-04 -5-000B-04 -5.OOOE-04 0.0003+00
IY :2.429B-04 2.1793-04 1.0903-04 0.0003.00

62 I2 ! 45 36 37 0 X :-3.839E-04 -5.0003-04 -2.571B-04 0.0003.00
IY :2.429E-04 1.090-04 1.161B-04 0.0003+00

63 I2 I 46 37 38 0 X :-3.005B-04 -2.5713-04 -1.995B-04 0.0003+00
1 Y :3.005B-04 1.161E-04 1.995B-04 0.0003+00

64 12 1 46 45 37 0 I X :-3.0053-04 -3.839E-04 -2.571E-04 0.0003+00
1Y :3.0053-04 2.429E-04 1.161E-04 0.0003+00

65 I2 I 46 38 47 0 IX :-3.005B-04 -1.9953-04 -1.1613-04 0.OOOE.00
IY :3.0053-04 1.995E-04 2.5713-04 0.0003+00

66 1 1 ! 47 38 39 0 1 X :-1.161E-04 -1.995E-04 0.0003+00 0.0003+00
! Y :2.5713-04 1.995B-04 1.410E-04 0.0003+00

67 I1 ! 49 39 40 0 ! X 1.9953-04 0.0003+00 1.4103-04 0.0003+00
1 Y :1.995B-04 1.4103-04 0.0003+00 0.000E+00

68 I1 ! 50 48 39 0 1 XI 1.1613-04 0.0003+00 0.0003+00 0.0003.00
!Y : 2.571E-04 2.8213-04 1.4103-04 0.0003+00

69 I1 ! 50 39 49 0 ! XI 1.1613-04 0.0003+00 1.9953-04 0.0003+00
IY :2.5713-04 1.4103-04 1.9953-04 0.0003+00

70 1 1 I 47 39 48 0 ! X :-1.161B-04 0.0003+00 0.0003+00 0.0003+00
IY :2.5713-04 1.4103-04 2.8213-04 0.0003+00

71 I1 ! 49 40 51 0 I XI 1.9953-04 1.4103-04 2.5713-04 0.0003.00
I Y :1.995E-04 0.0003+00 1.1613-04 0.0003+00

72 I 1 ! 51 40 43 0 I XI 2.5713-04 1.4103-04 2.821B-04 0.0003+00
IY :1. 1613-04 0.0003+00 0.0003+00 0.0003+00

73 I 2 1 52 42 41 0 1 X 5.0003-04 3.9103-04 5.0003-04 0.0003+00
I Y :1.0903-04 0.0003+00 0.0003+00 0.0003+00

74 I 2 I 52 51 42 0 I XI 5.0003-04 2.571E-04 3.9103-04 0.0003+00
I Y :1.090-04 1. 1613-04 0.0003.00 0.0003.00

75 1 2 1 42 51 43 0 1 XI 3.9103-04 2.5713-04 2.8213-04 0.0003+00

76 1 53 1 I-C I Y : 0.0003+00 1.161B-04 0.0003.00 0.0003.00
7R1! 5 aw~ 0 1 X :-5.000E-04 -5.0003-04 -3.839E-04 0.0003+00

I Y :3.590E-04 2.1793-04 2.429B-04 0.0003+00
77 1 1 I53 45 46 0 1 X :-5.0003-04 -3.839B-04 -3.005E-04 0.0003+00

I Y : 3.5903-04 2.4293-04 3.0053-04 0.0003+00



*48!1 1 1 37 29 30 0 1 X :-2.671E-04 -2.821B-04 -1.410E-04 0.OOOE+00
I y 1.161B-04 0.OOOE+00 0.OOOE+00 0.OOOE+00

49 1 1 1 30 35 39 0 1 X :-1.410E-04 0.OOOE+00 0.OOOE+00 0.OOOE+00
I Y :0. OOOE+O0 0.OOOE+00 1.410E-04 0.OOOE+00

*50 1 1 I 38 30 39 0 I X :-1.995E-04 -1.410E-04 0.OOOE+00 0.000E+0O
I Y :l.995E-04 0.OOOE+00 l.410E-04 0.OOOB+00

51 1 1 1 30 31 35 0 1 X :-1.410B-04 0.OOOE+00 0.OOOE+00 0.OOOE+00
I Y :0.OOOE+00 -1.410E-04 0.OOOE+00 0.OOOE+00V

52 1 1 1 38 37 30 0 1 X :-1.995B-04 -2.571B-04 -1.410E-04 0.OOOE+00 0
I Y : 1.995E-04 1.161E-04 0.OOOE+00 0.OOOE+00 c

53 1 1 1 34 40 31 0 I X 1.995E-04 1.410E-04 0.OOOE+00 0.OOOB+00 y

!Y :-1.995B--04 0.OOOE+O0 -1.410E-04 0.OOOE+00
54 I1 ! 40 35 31 0 1 X 1.410E-04 0.OOOE+00 0.OOOE+00 0.OOOE+00

1 Y : 0.OOOE+00 O.OOOE+00 -1.410E-04 0.OOOE+00 m
55 2 1 32 41 42 0 1 X 5.OOOE-04 5.OOOE-04 3.910E-04 0.OOOB+00

IY :-1.090E-04 0.OOOE+00 0.OOOE+00 0.OOOE+00
56 I2 ! 32 42 33 0 1 X 5.OOOE-04 3.910E-04 2.571E-04 0.OOOE+00 rnx

.0Y :-1.090B-04 0.OOOE+00 -1.161B-04 0.OOOE+00
57 1 I33 43 40 0 X : 2.571B-04 2.821E-04 1.410E-04 0.OOOE+00 &

IY :-l. 161B-04 0.OOOE+00 0.OOOE+O0 O.OOOE+0
58 I2 I42 43 33 0 X : 3.910B-04 2.821E-04 2.571B-04 0.OOOE+00

IY :0. OOOE+00 0.OOOE+00 -1. 18IB-04 0.OOOE+00
59 1 1I 34 33 40 0 1 XI 1.995B-04 2.571E-04 1.410E-04 0.OOOE+00

! Y :-1.995B-04 -1.161E-04 0.OOOE+00 0.OOOE+00
60 I1 I40 39 35 0 1 XI 1.410E-04 0.OOOE+00 0.OOOE+00 0.OOOE+00

!Y :0.OOOE+00 1.410E-04 0.OOOE+00 0. OOOE+00
61 I 2 I45 44 36 0 IX :-3.839E-04 -5.OOOE-04 -5.OOOE-04 0.OOOE+00

Y :2.429E-04 2.179E-04 1.090E-04 0.OOOE+00
62 12 1 45 36 37 0 1 X :-3.839E-04 -5OOOE--04 -2.571E-04 0.OOOE+00

!Y :2.429B-04 1.090E-04 1.161B-04 0.OOOE+00
63 12 1 46 37 38 0 1 X :-3.005E-04 -2.571B-04 -1.995E-04 0.0OOE+00

I Y :3.OOSE-04 1.161B-04 1.995B-04 0.OOOE+00
64 I2 I46 45 37 0 X :-3.005B-04 -3.839E-04 -2.571E-04 0.OOOE+00

IY :3.005E-04 2.429B-04 1.161E-04 0.OOOE+00
65 I2 I46 38 47 0 X :-3.005E-04 -1.995E-04 -1.161E-04 0.OOOE+0

1 Y.: 3.005R-04 1.99SE-04 2.571H-04 0.OOOE+00
66 I1 I47 38 39 0 1 X :-1.161B-04 -1.995B--04 0.OOOE+00 0.OOOE+00

1 Y :2.571E-04 1.995E-04 1.410E-04 0.OOOE.00
67 I1 I49 39 40 0 1 X 1.995B-04 0.OOOE+00 1.410E-04 0.OOOE+00

1Y :1.995E-04 1.410E-04 0.OOOE+00 0.OOOE+00
68 1 1 50 48 39 0 X : 1.161B-04 0.OOOE+00 O.OOOE+00O0.OOOE+00

Y :2.571E-04 2.821B-04 1.410E-04 0.OOOE+00
69 I1 ! 50 39 49 0 IX :1.161E-04 0.OOOE+00 1.995E-04 0.OOOE+0O

I Y :2.571B-04 1.410E-04 1.995E-04 0.OOOE+00
70 !1 1 47 39 48 0 ! X :-1.161E-04 0.OOOE+00 0.OOOE+00 0.OOOE+00

I Y :2.571E-04 1.410E-04 2.821E-04 0.OOOE+o0
71 I 1 ! 49 40 51 0 I XI 1.995E-04 1.410E-04 2.571B-04 0.OOOE+00

!Y :1.995E-04 0.OOOE+0O 1.161B-04 0.OOOE+00
72 ! 1 ! 51 40 43 0 1 XI 2.571E-04 1.410B-04 2.821B-04 0.OOOE+00

I Y: 1.161E-04 0.OOOE.00 0.OOOE+00 0.OOOE+00
73 I 2 ! 52 42 41 0 I : 6.OOOB-04 3.910E-04 5.OOOB-04 0.OOOE+00

I Y : 1.090E-04 0.-OOOE+00 0.OOOE+00 0.OOOE+00
74 I 2 I 52 51 42 0 1 XI 5.OOOE-04 2.571E-04 3.910E-04 0.OOOE+00

I Y :1.090E-04 1. 181E-04 0.OOOE+00 0.OOOE+00
75 1 2 1 42 51 43 0 1 XI 3.910E-04 2.571E-04 2.821E-04 0.OOOE+00

I Y :0.OOOE+00 1.-161E-04 .0.OOOE+00 0.OOOE+00
76 I 1 1 53 44 45 0 I X :-5.OOOE-04 -5.OOOE-04 -3.839B-04 0.OOOE+00

I Y : 3.590E-04 2.179B-04 2.429E-04 0.OOOE+00
77 1 1 t 53 45 46 0 I X :-5OOOE-04 -3.839B-04 -3.005B-04 0.OOOE+00

*I Y :3.5QOE-04 2.429E-04 3.005E-04 0.OOOE+00



78 .1 1 1 46 54 55 0 1 X :-3.005E-04 -2.429E-04 -3.590E-04 0.000E+O0
I Y :3.005B-04 3.83OE-04 5.0008-04 0.0008+00

*79 1 2 1 54 46 47 0 1 X :-2.429E-04 -3.005H-04 -1.161B-04 0.0008+00
I Y :3.8398-04 3.005E-04 2.571B-04 0.0008+00

80 1 1 1 53 46 55 0 1 X :-5.0008-04 -3.005E-04 -3.5908-04 0.000H+00
I Y : 3.5908-04 3.0058-04 5.000B-04 0.0008+00

81 1 2 1 54 47 56 0 1 X :-2.429E-04 -1.1618-04 -1.090B-04 0.000E.00
IY : 3.839B-04 2.5718-04 5.000B-04 0.0008+00

82 I 2 1 47 57 56 0 1 X :-1.181E-04 0.0008+00 -1.0908-04 0.0008+00 0
1 Y : 2.571B-04 3.910E-04 5.OOOB-04 0.OOOE+00

83 ! 2 1 47 48 57 0 1 X :-1.161B-04 0.0008+00 0.0008+00 0.0008+00
! Y :2.571B-04 2.821E-04 3.9108-04 0.0008+00

84 1 2 1 50 57 48 0 ! X 1.161E-04 0.OOOE+00 0.0008+00 0.0008+00
85 Y 2: 8 49 5 2.571E-04 3.9108-04 2.821B-04 0.0008+00
85 ! ! 5 49 5 0 !X :3.005E-04 1.995E-04 2.571E-04 0.0008+00

!Y :3.005E-04 1.995E-04 1.1618-04 0.0008+00 m
86 ! 2 1 58 50 49 0 ! X :3.0058-04 1.161E-04 1.9958-04 0.0008+00 -n

! Y :3.005E-04 2.571E-04 1.9958-04 0.0008+00 V
87 1 2 1 60 59 50 0 I XI 2.429E-04 1.090B-04 1.161B-04 0.0008+00 (

!Y :3.839E-04 5.OOOE-04 2.571B-04 0.0008+00
88 I2 ! 50 59 57 0 ! X :1.1618-04 1.090E-04 0.0008+00 0.0008+00

1Y : 2.5718-04 5.000E-04 3.9108-04 0.0008+00
89 I2 I 60 50 58 0 ! X :2.429E-04 1.161B-04 3.005B-04 0.0008+00

1Y :3.839E-04 2.571E-04 3.005E-04 0.0008+00
90 1 2 1 58 51 61 0 1 X :3.005B-04 2.571E-04 3.839B-04 0.0008+00

!Y :3.005B-04 1.161B-04 2.4298-04 0.0008+00
91 1 2 I61 51 52 0 X : 3.8398-04 2.5718-04 5.0008-04 0.0008+00

Y :2.429E-04 1.1618-04 1.0908-04 0.0008+00
92 ! 2 I61 52 62 0 X : 3.839E-04 5.0008-04 5.0008-04 0.0008+00

Y :2.429H-04 1.0908-04 2.1798-04 0.000E+00
93 1 1 1 53 55 63 0 IX :-5.000B-04 -3.5908-04 -5.0008-04 0.0008+00

IY :3.5908-04 5.0008-04 5.0008-04 0.0008+00
94 I2 ! 54 56 64 0 I X :-2-429E-04 -1.090E-04 -2.1798-04 0.0008+00

!Y :3.839B-04 5.000B-04 5.0008-04 0.0008+00
95 I1 ! 54 64 55 0 X :-2.429E-04 -2.179B-04 -3.5908-04 0.0008+00

Y :3.839E-04 5.000B-04 5.000B-04 0.000E+00
96 I2 I57 65 56 0 IX 0 .0008+00 0.0008+00 -1.090B-04 0.0008+00

IY :3.910E-04 5.0008-04 5.0008-04 0.0008+00
97 1 2 I57 59 65 0 X : 0.0008+00 1.0908-04 0.0008+00 0.0008+00

Y :3.9108-04 5.0008-04 5.0008-04 0.0008+00
98 I1 5 7 58 61 0 I X :5.0008-04 3.005B-04 3.839B-04 0.0008+00

!Y :3.5908-04 3.0058-04 2.4298-04 0.0008+00
99 I1 !67 66 58 0 ! X :5.000B-04 3.5908-04 3.0058-04 0.0008+00

1 Y :3.5908-04 5.0008-04 3.0058-04 0.0008+00
100 i 1 1 58 66 60 0 ! X 3.0058-04 3.5908-04 2.429B-04 0.0008+00

!Y :3.0058-04 5.0008-04 3.8398-04 0.0008+00
101 ! 2 ! 60 68 59 0 ! X :2.4298-04 2.1798-04 1.0908-04 0.0008+00

I Y :3.8398-04 5.0008-04 5.0008-04 0.0008+00
102 1 1 I 60 66 68 0 1 X 2.429B-04 3.5908-04 2.1798-04 0.0008+00

! Y :3.8398-04 5.000B-04 5.0008-04 0.0008+00
103 1 1 I 67 61 62 0 1 X1 5.0008-04 3.8398-04 5.000H-04 0.0008+00

I Y :3.590E-04 2.4298-04 2.1798-04 0.0008+00
104 1 1 1 67 69 66 0 I X 5.0008-04 5.0008-04 3.5908-04 0.0008+00

I Y : 3.5908-04 5.0008-04 5.0008-04 0.0008+00



II
I.A MACROSCOPIC STRESS FIELD

S(1,1) = 0.1000D+03 S(1,2) = O.OOOOD+O0 S(1,3) = O.OOOOD+O0 1
S(2,2) = O.OOOOD+O0 S(2,3) = O.OOOOD+O0 1

S(3,3) = O.OOOOD+O0 I
-------------------------------------------------------------------------- V

m

MACROSCOPIC STRAIN TENSORIC

E(I,I) = O.1030D-01 E(1,2) = -0.5359D-02 E(1,3) = -0.2436D-02
E(2,2) = O.OOOOD+O0 E(2,3) = O.OOOOD+O0 'Ii• 0

E(3,3) = O.OOOOD+O0 <-- ---- - - - - - - - - - - - - - - - - - -- - - - - - - - - - - - - - - - -!

MICROSCOPIC STRESS FIELD "

i ELE ! Sli S 522 S $33 S S23 S S13 i S12 z

1 1 78.9 I -5.11 ! -35.9 1 O.OOOE+O0 I 0.O00E+00 1 7.378E-15 1
2 ! 134. I -7.62 ! -36.1 ! O.OOOE+00 ! O.OOE+O0 ! -2.12 !
3 ! 174. I-7.87 ! -35.8 1 O.OOOE+00 1 0.000E+00 ! 18.3
4 1 144. I 6.43 ! -32.5 ! O.OOOE+00 ! O.OOOE+00 1 -14.3
5 5 98.4 I -9.18 ! -36.8 ! O.OOOE+00 ! O.OOOE+00 ! 8.67 1

! 6 ! 90.4 ! -8.42 1 -36.7 I O.OOOE+00 I 0.OO+00 1 7.40
7 I 78.5 I 44.3 ! 38.1 I O.OOOE+00 I .OOO+00 ! 3.86

- 8 1 78.9 I -5.11 ! -35.9 1 O.OOOE+O0 ! O.OOOE+00 !-8.520E-15
1 9 1 114. 1 -30.4 ! 23.3 1 O.OOOE+00 ! O.OOOE+00 ! 1.344E-14
1 10 I 114. 1 -30.4 I 23.3 ! O.OOOE+00 ! O.OOOE+00 ! 1.334E-14

11 90.4 I -8.42 I -36.7 ! O.OOOE+00 ! O.OOOE+00 ! -7.40
I 12 I 78.5 ! 44.3 ! 38.1 O.OOOE+00 O.OOOB+00 ! -3.86

13 1 -17.7 I -26.0 1 -25.2 ! O.OOOE+00 O.OOO+00 !-0.134
14 1 85.3 1 1.46 1 24.4 ! O.OOOE+00 ! 0.OOE00 ! 10.3

I 15 I 49.3 ! -23.4 I 1.27 O.OOO+00 I .OOO+00 ! 17.6
16 ! 64.7 ! -24.1 ! 6.85 I 0.O00E+O0 ! O.OOOE+00 ! 22.1

! 17 I 107. I 24.2 I 41.2 O.OOO+00 .OOOE+00 ! 3.85
18 ! 139. ! 37.8 I 58.6 1 0.O00E+00 ! O.OOOE+00 ! 5.73 !

1 19 1 101. 1 9.03 ! 33.1 I O.OOOE+00 ! 0.OOO+00 1 6.40
20 ! 61.2 ! -15.3 i 8.85 ! O.OOOE+00 ! 0.OOO+00 1 4.56
21 i 144. ! 6.43 ! -32.5 ! O.OOOE+00 ! 0.O00E+00 I 14.3 i
22 i 134. 1 -7.62 1 -36.1 1 O.OOOE+00 1 O.OOOE+00 1 2.12
23 ! 174. ! -7.87 ! -35.8 ! O.OOOE+00 ! 0.OOO+00 ! -18.3
24 I 98.4 I -9.18 ! -36.8 1 O.OOOE+00 ! O.OOOE+00 ! -8.67
25 I 101. ! 9.03 ! 33.1 ! O.OOOE+00 ! 0.OOO+00 ! -6.40

I26 ! 61.2 1 -15.3 I 8.85 1 0.OOOE+00 I 0.OOOE+00 ! -4.56
27 1 -13.5 I -20.0 ! -21.3 ! 0.(XXE+00 1 O.OOOE+00 1-2.524E-02 1

I 28 I -13.5 ! -20.0 ! -21.3 ! O.OOOE+O0 ! O.OOOE+00 1 2.524E-02
29 I 107. ! 24.2 1 41.2 ! O.OOOE+00 ! 0.O00E+00 I -3.85

I 30 81.4 1 -3.15 I 21.2 I O.OOOE+00 I O.OOOE+00 1 -1.20
I 31 101. 1 -32.8 1 17.4 I O.OOOE+00 ! D.OOOE+00 ! 3.288E-15 I

32 I 106. 1 -12.4 I -37.5 I O.OOOE+00 I 0.OO0E+00 I 4.05 1
33 96.4 ! 54.1 1 48.6 I O.OOOE+00 ! O.OOOE+00 1 4.52

I 34 56.2 I -8.08 I -36.9 1 0.OOOE+00 I 0.OOO+00 I -2.85 1
I 35 1 123. 1 14.0 1 -30.8 1 O.OOOE+00 I O.OOOE+00 1 -17.0 1
I 36 1 128. I -7.22 1 -36.0 1 O.OOOE+00 I O.OOOB+00 ! -5.45
1 37 1 226. I -3.06 I -34.2 ! 0.O00E+0 I 0.O()E+O0 1 16.9
! 38 I -17.7 1 -26.0 I -26.2 I O.OOOE+00 I O.OOOE+00 I 0.134 1
I 39 I 49.3 I -23.4 I 1.27 I O.OOOB+00 I O.OOOE+00 , -17.6 !
1 40 1 85.3 1 1.46 1 24.4 I O.OOOE+00 I O.OOOE+00 1 -10.3 1



'1 41 1 139. I 37.8 1 58.6 1 0.OOOE+00 I 0.OOOE+00 I -5.73
1. 42 1 64.7 1 -24.1 1 6.85 1 0.OOOE+O0 I 0.OOOE+00 1 -22.1
I1 43 1 123. 1 14.0 1 -30.8 I 0.OOOE+00 ! 0.000E+0O 1 17.0
1 44 1 226. ! -3.06 1 -34.2 1 0.OOOE+00 I 0.OOOE+00 1 -18.9
I 45 1 101. 1 -32.8 1 17.4 1 0.OOOE+00 I 0.OOOE+00 t-8.317E-15 1
146 I 81.4 1 -3.15 1 21.2 I 0.OOOE+00 I O.000E+00 1 1.20
1 47 1 96.4 1 54.1 1 48.6 1 0-OOOB+00 I 0.OOOE+00 1 -4.52 I
I 48 I 106. I -12.4 I -37.5 I 0.OOOE+00 I 0.OOOE+00 I -4.05

I49 1 59.0 £ -2.92 1 -35.6 1 0.000E.00 1 0.OOOE+00 1-3.273E-14 I
1 50 I 128. 1 -7.22 I-36.0 I 0-OOOB+00 1 0.OOOE+00 1 5.45 I
1 51 I 59.0 1 -2.92 I-35.6 ! 0.OOOE+00 I 0.OOOE+00 I 2.740E-14I

52 1 56.2 i -8.08 I-36.9 ! O.OOOB+00 1 0.OOOE+00 ! 2.85
153 I128. I-7.22 I -36.0 ! 0.OOOE+00 ! 0.OOOE+00 1 5.45

1 54 159.0 1 -2.92 1 -35.6 ! 0.OOOE+00 1 0.OOOE+00 1 2.532E-14 1
i 55 i 101. I-32.$ 1 17.4 ! 0.OOOE+00 ! O.OOOE+00 ! 2.994B-15I
I 56 ! 81.4 I-3.15 ! 21.2 ! 0-OOOB+00 ! 0.OOOE+0O ! 1.20 z

I57 ! 106. I-12.4 ! -37.5 ! 0.OOOE+00 ! O.OOOE+00 1 -4.05
158 1 96.4 1 54.1 1 48.6 1 0.OOOE+00 ! 0.OOOE+00 1 -4.52 1N

I 59 ! 56.2 1 -8.08 ! -36.9 ! 0.OOOE+00 ! 0.OOOE+00 ! 2.85 IN
60 i 59.0 ! -2.92 ! -35.6 ! 0.OOOE+00 ! 0.OOOE+00 !-3.481E-14I

I61 I-17.7 1 -26.0 ! -25.2 ! 0.OOOE+00 ! 0.0003+00 ! 0.134
1 62 I85.3 I1.46 ! 24.4 ! 0.000E+00 ! 0.0003+00 ! -10.3
! 63 I 139. I37.8 ! 58.6 ! 0.0003+00 ! 0.0003+00 ! -5.73
1 64 1 49.3 1-23.4 1 1.27 ! 0.OOOE+O0 1 0.0003+00 I -17.6

65 I64.7 I-24.1 ! 6.85 ! 0.0003+00 1 0.0003+00 1 -22.1
66 1123. I14.0 1 -30.8 ! 0.OOOE+00 1 0.0003+00 ! 17.0
67 I128. I-7.22 1 -36.0 ! 0.OOOE+00 1 0.0003+00 1 -5.45

168 I226. I-3.06 ! -34.2 ! 0.OOOE+00 ! 0.0003+00 ! 16.9
1 69 1 123. 114.0 ! -30.8 ! O.OOOE+00 ! 0.0003+00 ! -17.0
! 70 ! 226. 1 -3.06 ! -34.2 ! 0.OOOE+00 1 0.0003+00 !-16.9
171 !56.2 1 -8.08 1 -36.9 1 0.0003+00 ! 0.0003+00 -2.85
I72 I106. ! -12.4 ! -37.5 1 0.0003+00 ! 0.0003+00 I4.05

73 I101. I -32.8 ! 17.4 ! 0.0003+00 ! 0.0003+00 1-8.611B-15 I
I74 1 81.4 ! -3.15 1 21.2 ! 0.0003.00 ! 0.0003.00!1 -1.20
I75 !96.4 ! 54.1 ! 48.6 ! 0.0003.00 ! 0.OOOE-.00 ! 4.52
I76 I174. ! -7.87 1 -35.8 ! 0.0003.00 ! 0.OOOE.00 £ -18.3

1 77 I144. ! 6.43 ! -32.5 ! 0.0003.00 ! 0.0003.00 1 14.3
!78 I98.4 ! -9.18 ! -36.8 1 0.0003.00 I 0.0003.00 I -8.67
179 I107. ! 24.2 ! 41.2 ! 0.OOOE.00 I 0.0003.00 ! -3.85

80 1 134. ! -7.62 ! -36.1 ! 0.0003.00 ! 0.0003.00 ! 2.12
I81 i 101. I 9.03 ! 33.1 ! 0.0003.00 ! 0-OOOH+00 ! -6.40

82 I61.2 ! -15.3 ! 8.85 ! 0.OOOE.00 1 0.0003.00 ! -4.56
83 I-13.5 ! -20.0 ! -21.3 ! 0.OOOE.00 ! 0.0003.00 ! 2.524B-02I

1 84 1-13.5 1 -20.0 1 -21.3 ! 0.0003.00 ! 0.0003.00 !-2.524E-02 1
185 I139. 1 37.8 1 58.6 ! 0.0003.00 1 0.0003.00 I 5.73
186 1 64.7 1 -24.1 ! 6.85 ! 0.OOOE.00 ! 0.0003.00 ! 22.1

87 I101. ! 9.03 ! 33.1 1 0.0003.00 I 0.0003.00 ! 6.40
88 61.2 ! -15.3 1 8.85 ! 0.OOOE.00 ! 0.0003.00 ! 4.56
89 I107. ! 24.2 ! 41.2 I 0.0003.00 1 0.0003.00 ! 3.85
90 !49.3 ! -23.4 I 1.27 I 0.0003.00 I 0.0003.00 1 17.6

!91 1 85.3 ! 1.46 1 24.4 1 0.0003.00 ! 0.0003.00 1 10.3
I92 ! -17.7 I -26.0 I -25.2 I 0.0003.00 1 0.0003.00 1-0.134

I 93 1 78.g I -5.11 1 -35.9 I 0.0003.00 I 0.0003.00 1 7.048E-14 1
I94 ! 78.5 ! 44.3 I 38.1 I 0.0003.00 I 0.0003.00 ! -3.86
I95 1 90.4 ! -8.42 I -36.7 1 0.0003.00 I 0.0003.00 I -7.40
196 1 114. 1 -30.4 1 23.3 1 0.0003.00 ! 0.0003.00 !-1.0103-14 1

1 97 1 114. 1 -30.4 1 23.3 1 0.0003.00 I 0.0003.00 1-1.020B-14 I
1 98 1 144. 1 6.43 1 -32.5 1 0.0003.00 I 0.0003.00 1 -14.3
1 99 1 134. 1 -7.62 1 -36.1 I 0.0003.00 ! 0.OOOE.00 I -2.12 .
1 100 I 98.4 I-9.18 I -36.8 I 0.OOOE.00 I 0.0003.00 I 8.67



- 101 78.5 ! 44.3 1 38.1 I O.OOOE+00 I O.OOOE+00 ! 3.86 1
1 102 1 90.4 1 -8.42 1 -36.7 1 O.OOOE+00 I O.OOOE+00 1 7.40 I

- 103 I 174. 1 -7.87 1 -35.8 1 O.OOOE+00 I O.OOOE+O0 1 18.3 1
! 104 1 78.9 1 -5.11 1 -35.9 ! O.OOOE+00 I O.OOOE+00 1 5.458E-14 1

t STRESS FORCE I m

N NODE I x I Y I FX I FY I FZ I 0

------------------------------------------------------------------------I
I 1 I -3.8394E-04 ! -2.4289B-04 I -30.33 i -10.66 ! 0.O(OXE+O0 I
1 2 I -3.0053E-04 1 -3.0053E-04 1 -65.44 I 14.42 I 0.OOOE+00 I

3 1 -2.4289E-04 1 -3.8394E-04 1 -45.79 1 -2.453 1 0.O000E+O0 I
4 ! 2.4289E-04 ! -3.8394E-04 I 45.79 ! -2.453 I .OOOE+00 I
5 ! -2.5711E-04 ! -1.1606E-04 1 27.14 1 -4.188 1 O.OOOOE+00 I 9m
6 1 -1.9947B-04 ! -1.9947E-04 I 65.74 1 -14.76 I 0.OOOOE+00 I
7 ! -1.1606E-04 1 -2.5711E-04 I 48.35 I 14.00 ! O.OOOOE+00 !
8 ! 3.8394E-04 1 -2.4289B-04 ] 30.33 i -10.66 ! O.OOOOE+00 !
9 I 3.0053E-04 ! -3.0053E-04 ! 65.44 I 14.42 ! 0.OOOOE+00 !

10 I 1.1806E-04 ! -2.5711E-04 ! -48.35 ! 14.00 1 0.O000E+00 1
I 11 1 O.OOOE+O0 I -2.8209E-04 1 9.1075E-06 I -9.772 O.000B+O0 I
I 12 I -2.8209E-04 O.OOOOE+00 I 49.65 1 -8.1103E-08 ! O.OOOOE+00 I

13 I 2.5711E-04 I -1.1606E-04 1 -27.14 ! -4.188 ! 0.OOOOE+O0 !
I 14 ! 1.9947E-04 I -1.9947E-04 ! -65.74 ! -14.76 ! O.OOOOE+00 I

15 I -2.5711E-04 ! 1.1606E-04 I 27.14 I 4.188 ! O.OOOOE+00
I 16 ! -1.9947E-04 ! 1.9947E-04 ! 65.74 I 14.76 ! O.OOOOE+00 I
I 17 ! 2.8209B-04 ! O.OOOOE+00 1 -49.65 ! 8.1103E-08 ! 0.OOOOE+00 I
I 18 I -3.8394E-04 ! 2.4289E-04 ! -30.33 ! 10.66 ! 0.O000E+00 !

19 ! -3.0053E-04 1 3.0053E-04 ! -65.44 ! -14.42 ! O.OOOOE+00 !
I 20 ! -1.1606E-04 ! 2.5711E-04 ! 48.35 ! -14.00 ! O.OOOOE+O0 I
I 21 ! O.OOOOE+00 | 2.8209E-04 ! -9.1075E-06 ! 9.772 ! O.OOOOE+O0 

22 I 1.9947B-04 ! 1.9947E-04 ! -65.74 I 14.76 i 0.OOOE+00
23 I 1.1606E-04 I 2.5711E-04 1 -48.35 I -14.00 I 0.O000E+00
24 ! 2.5711E-04 ! 1.1606E-04 1 -27.14 I 4.188 ! O.OOOOE+O0 !
25 I -2.4289E-04 I 3.8394E-04 ! -45.79 1 2.453 ! O.OOOOE+00 !
26 1 3.0053E-04 ! :3.0053E-04 ! 65.44 1 -14.42 ! O.OOOOE+O0 
27 ! 2.4289E-04 ! 3.8394E-04 ! 45.79 ! 2.453 ! 0.OOOE+00 !

1 28 1 3.8394E-04 I 2.4289E-04 1 30.33 I 10.66 ! 0.O000E+00 !

! I

MACROSCOPIC STRESS FIELDI !
I S(1,1) = O.OOOOD+00 S(1,2) = 0.1000D+03 S(1,3) = O.OOOOD+00 I

S(2,2) = O.OOOOD+00 S(2,3) = O.OOOOD+O0 I
S(3,3) = 0.OOOOD+00 1

--------------------------------------------------------------------------

MACROSCOPIC STRAIN TENSOR I! I
I E(1,1) = -0.5359D-02 E(1,2) = 0.1524D-01 E(1,3) = -0.3604D-02 1

E(2,2) = 0.OOOOD+00 E(2,3) = 0.OOOOD+00 I
E(3,3) = O.OOOOD+O0 

--------------------------------------------------------------------------
t tI MICROSCOPIC STRESS FIELD
I I



-IELE! 8I Si 22 1 833 I S23 S 13 I S12 I
-------------------------------------------------------------------------

1 1 16.2 1 114. 1 -23.6 I 0.000E+00 I 0.OOOE+00 1-1.142E-14 I
1 2 1 -11.2 I 117. 1 -23.0 1 0.OOOB+00 I 0.OOOE+00 I 5.72
13 1 -39.7 1 106. I-26.2 I O.OOOE+0O I 0.OOOE+00 1 5.81
14 1 -17.3 I 99.8 I-27.5 1 0.OOOE+00 I 0.OOOE+00 1 18.8
5 S 19.2 1 118. I-22.6 1 0.OOOE+00 ! O.OOOE+00 1 3.73 I

I 6 1 -11.3 I 121. 1 -22.2 I 0.OOOE+00 I 0.OOOE+00 1-0.590
I 7 1 -9.26 1 24.5 I -6.90 ! .000E4-00 I 0.OOOE+00 1 -1.24 1
I 8 I16.2 I 114. 1 -23.6 ! .OOOE+00 1 0.OOOE+00 I 5.473B-15 I

19 I -20.1 1 110. 1 21.8 !O.OOOE+O0 1 0.OOOE+00 1-7.163E-15 I 0

I 10 ! -20.1 I 110. I 21.6 I .OOOE+00 ! 0.OOOE+00 I-7.876E-15 !
11 1 -11.3 1 121. 1 -22.2 I .OOOE+00 1 0.OOOE+00 1 0.590 1

I12 ! -9.26 I24.5 I-6.90 I0.OOOH+00 I 0.OOOE+00 ! 1.24
I 13 1 53.1 I96.8 I44.3 I .OOOE+00 ! 0.OOOE+00 ! 2.73

I14 I10.2 I102. I29.8 I .OOOE+00 ! 0.OOOE+00 I 1.52 z
15 I 24.2 I106. 1 36.9 I .OOOE+00 ! 0.OOOE+00 !-0.737 I

I16 I23.9 I119. 1 41.8 I .OOOE+00 ! 0.OOOE+00 1-0.852 Ir
I17 -145.5 I66.1 I6.52 ! 0.OOOE+00 I 0.OOOE+00 1 10.1 I
I18 I-27.9 166.5 ! 1.98 ! 0.OOOE+00 ! 0.OOOE+00 1 11.7
I19 I3.42 !92.9 I23.9 ! 0.OOOE+00 1 0.OOOE+00 ! 4.59
120 18.38 195.3 I26.7 ! 0.OOOE+00 1 0.OOOE+00 1 -1.62

21 1 -17.3 I99.8 I-27.5 1 0.OOOE+00 ! 0.OOOE+00 ! -18.8
I22 ! -11.2 i 117. I-23.0 1 0.OOOE+00 ! 0.OOOE+00 I -5.72
I23 ! -39.7 ! 106. 1-26.2 ! 0.OOOE+00 ! 0.OOOE+00 1 -5.81
124 I19.2 1 118. I -22.6 ! 0.OOOE+00 ! 0.OOOE+00 ! -3.73

25 13.42 1 92.9 ! 23.8 ! 0.OOOE+00 ! O.OOOE+00 ! -4.59
26 I8.38 9 5.3 ! 26.7 ! 0.OOOE+00 1 0.OOOE+00 ! 1.62
27 I58.0 I105. 1 49.4 ! 0.OOOE+00 I .OOOE+00 ! 2.78

I28 1 58.0 !105. ! 49.4 ! 0.OOOE+00 I .OOOE+00 ! -2.78
29 1 -15.5 166.1 1 6.52 1 O.OOOE+00 1 0.OOOE+00 1 -10.1

I30 ! -2.12 I81.3 ! 17.4 1 0.OOOE+00 ! 0.OOOE+00 I 2.71
I31 1 -15.5 1 117. 1 26.0 ! 0.OOOB+00 ! 0.OOOB+00 !-2.134E-15 1
I32 I-11.2 I126. ! -20.8 ! 0.OOOE+00 ! 0.OOOE+00 !-0.994

33 I-8.75 126.2 ! -6.06 ! 0.OOOE+00 1 0.OOOE+00 ! -1.29
I34 1 39.0 I116. !-23.0 ! 0.OOOE+00 ! 0.OOOE+00 ! 19.8

35 I-12.0 I89.6 !-30.0 ! 0.OOOE+00 ! 0.OOOE+00 ! 26.0
I36 I-9.76 I117. 1-23.2 ! 0.OOOE+00 ! 0.OOOE+00 ! 8.30
I37 I-74.3 1 104. I -26.9 ! 0.OOOE+00 ! 0.OOOE+00 ! -4.56 1

38 153.1 I96.8 I44.3 ! 0.OOOE+00 ! 0.OOOE-i00 1 -2.73
39 I24.2 I106. I36.9 ! 0.OOOE+00 ! 0.OOOE+00 ! 0.737
40 1 10.2 1 102. I29.8 1 0.OOOE+00 1 0.OOOE+O0 ! -1.52
41 ! -27.9 ! 66.5 i 1.98 ! 0.OOOE+00 ! 0.OOOE+00 1 -11.7

I42 1 23.9 I 119. ! 41.8 1 0.OOOE+00 1 0.OOOE+00 1 0.852
43 I-12.0 i 89.6 1 -30.0 ! 0.OOOE+00 ! 0.OOOE+00 ! -26.0
44 I-74.3 1 104. ! -26.9 ! 0.OOOE+00 ! 0.OOOE+00 ! 4.56
45 1 -15.5 ! 117. ! 26.0 ! 0.OOOE+00 ! 0.OOOE+00 ! 4.683E-15 1

I46 I -2.12 ! 81.3 ! 17.4 ! 0.OOOE+00 ! 0.OOOE+00 ! -2.71
I47 I-8.75 1 26.2 I-6.06 1 0.OOOE+0O ! 0.OOOE+00 1 1.29
!48 I-11.2 I126. I-20.9 ! 0.OOOE+00 ! 0.OOOE+00 1 0.994
I49 I37.5 1 112. 1-24.0 1 0.OOOE+00 ! 0.OOOE+00 1 1.583E-14 1
I50 I -9.76 I 117. 1 -23.2 I 0.OOOE+00 I 0.OOOE+00 1 -8.30

51 1 37.5 1 112. 1 -24.0 1 0.OOOE+00 ! 0.OOOE+00 I-1.446E-14 I
I52 I 39.0 I 116. I -23.0 I 0.OOOE+00 I 0.OOOE+00 1 -19.8 1

53 1 -9.76 1 117. 1 -23.2 1 0.OOOE+00 I 0.OOOE+00 1 -8.30
I 54 1 37.5 I 112. I -24.0 I 0.OOOE+00 I 0.OOOE+00 1-1.289E-14 1

I55 1 -15.5 1 117. 1 26.0 I 0.OOOE+00 I 0.OOOE+00 I-1.878B-15 I
156 1 -2.12 1 81.3 1 17.4 1 0.OOOE+00 I 0.OOOE+00 1 -2.71

I 57 I -11.2 I 126. I -20.9 1 0.OOOE+00 I 0.OOOE+00 1 0.994 1
1 58 1 -8.75 1 26.2 1 -6.06 1 0.OOOE+00 I 0.OOOE+00 1 1.29



- 1 59 1 39.0 1 116. I -23.0 1 O.000E+O0 I O.O00E+Oo 1 -19.8 1
I 60 1 37.5 I 112. 1 -24.0 I O.OOOE+00 I O.OOOE+00 1 1.739E-14 1
I 61 I 53.1 I 96.8 I 44.3 1 O.OOOE+00 I O.OOOE+00 I -2.73 I
1 62 1 10.2 1 102. 1 29.8 I 0.OOOE+00 I 0.OOOE+00 1 -1.52 I
I 63 I -27.9 I 66.5 I 1.98 I O.OOOE+00 ! O.OOOE+00 I -11.7 1
1 64 1 24.2 I 108. I 36.9 1 O.OOOE+00 I O.OOOE+00 1 0.737 !
I 65 I 23.9 1 119. 1 41.8 I O.OOOE+00 I O.OOOE+00 I 0.852 I
1 66 I -12.0 1 89.6 1 -30.0 1 O.OOOE+00 ! O.OOOE+00 1 -26.0 1
1 67 I -9.76 I 117. I -23.2 1 O.OOOE+00 ! 0.O00E+00 I 8.30 I 0
I 68 I -743 1 104. 1 -26.9 1 O.OOOE+00 ! O.OOOE+00 1 -4.56 I c
I 69 ! -12.0 ! 89.6 1 -30.0 O.OOOE+00 O.OOOE+00 I 26.0 I o
1 70 1 -74.3 ! 104. I -26.9 ! O.OOOE+O0 1 O.OOOE+00 I 4.56 I

71 1 39.0 i 116. I -23.0 ! O.OOOE+00 ! O.OOOE+00 I 19.8 i
72 I -11.2 ! 126. ! -20.9 ! O.OOOE+00 1 O.OOOE+00 !-0.994 en

73 I -15.5 1 117. ! 26.0 1 O.OOOE+00 ! O.OOOE+00 t 4.939E-15 z

! 74 I -2.12 ! 81.3 ! 17.4 ! O.OOOE+00 ! O.OOOE+00 ! 2.71 1
! 75 ! -8.75 1 26.2 ! -6.06 ! O.OOOE+00 ! O.O00E+00 ! -1.29 -

! 76 ! -39.7 1 106. ! -26.2 ! O.OOOE+00 ! O.OOOE+00 ! -5.81 !
! 77 I -17.3 I 99.8 ! -27.5 ! 0.000E+00 ! O.OOOE+00 ! -18.8 1 z

78 ! 19.2 1 118. ! -22.6 ! O.OOOE+00 I O.OOOE+00 ! -3.73 1
79 1 -15.5 ! 66.1 ! 6.52 1 0.OOOE+00 ! 0.OOOE+00 1 -10.1 1
80 ! -11.2 ! 117. 1 -23.0 ! O.OOOE+00 ! O.OOOE+00 I -5.72

! 81 ! 3.42 ! 92.9 ! 23.9 I O.OOOE+00 ! O.OOOE+00 ! -4.59
82 ! 8.38 ! 95.3 ! 26.7 ! O.OOOE+00 ! O.OOOE+00 ! 1.62
83 ! 58.0 ! 105. ! 49.4 ! O.OOOE+00 ! O.OOOE+00 ! -2.78
84 I 58.0 ! 105. ! 49.4 ! O.OOOE+00 ! O.OOOE+00 ! 2.78

I 85! -27.9 ! 66.5 ! 1.98 ! O.OOOE+00 ! O.OOOE+00 ! 11.7
86 I 23.9 ! 119. 1 41.8 I O.OOOE+00 ! O.OOOE+00 !-0.852
87 ! 3.42 1 92.9 ! 23.9 ! O.O00E+00 ! O.OOOE+00 1 4.59
88 I 8.38 ! 95.3 ! 26.7 ! O.OOOE+00 ! O.OOOE+00 ! -1.62
89 ! -15.5 ! 66.1 1 6.52 ! O.O00E+00 ! 0.O00E+00 ! 10.1
90 I 24.2 1 106. ! 36.9 ! O.OOOE+00 ! O.OOOE+00 !-0.737
91 ! 10.2 ! 102. ! 29.8 1 O.OOOE+00 1 O.OOOE+O0 1 1.52 !
92 ! 53.1 I 96.8 ! 44.3 ! O.OOOE+00 1 O.OOOE+00 ! 2.73
93 ! 16.2 ! 114. ! -23.6 ! O.OOOE+O0 1 O.OOOE+00 !-4.016E-14 1
94 ! -9.26 ! 24.5 ! -6.90 ! O.OOOE+00 ! O.OOOE+00 ! 1.24 1
95 1 -11.3 ! 121. ! -22.2 I O.OOOE+00 ! O.OOOE+00 1 0.590
96 I -20.1 ! 110. ! 21.6 ' O.OOOE+00 ! O.OOOE+00 ! 6.640E-15
97 ! -20.1 ! 110. ! 21.6 I O.OOOE+00 ! O.OOOE+00 ! 5.927E-15 I
98 ! -17.3 ! 99.8 ! -27.5 I O.OOOE+00 ! O.OOOE+00 ! 18.8
99 I -11.2 I 117. ! -23.0 I O.OOOE+00 I 0.O00E+00 ! 5.72

100 ! 19.2 ! 118. ! -22.6 I O.OOOE+00 1 0.OOOE+00 ! 3.73
1 101 I -9.26 I 24.5 i -6.90 ! O.OOOE+00 0.O00OE+00 ! -1.24
I 102 ! -11.3 ! 121. ! -22.2 I O.OOOE+00 ! O.OOOE+00 !-0.590

103 ! -39.7 I 106. 1 -26.2 I O.OOOE+00 ! O.OOOE+00 ! 5.81
104 ! 16.2 ] 114. ! -23.6 ! O.OOOE+00 ! O.OOOE+00 !-2.327E-14
-----------------------------------------------------------------------

STRESS FORCE

INODE X I Y I FX I FY I FZ I
-----------------------------------------------------------------------

1 1 -3.8394E-04 I -2.4289E-04 ! 1.915 1 -44.57 I 0.OOOOE+00 I
S 2 -3.0053E-04 I -3.0053E-04 I 16.65 1 -52.27 1 0.O000E+00 I

3 1 -2.4289E-04 I -3.8394E-04 1 -8.023 I -24.66 I O.OOOOE+00 1
S 4 2.4289E-04 1 -3.8394B-04 1 8.023 1 -24.66 I O.OOOOE+00 I
I 1 -2.5711E-04 1 -1.1606E-04 I 14.73 I 33.91 1 C OOOOE+00 I
I 6 1 -1.9947B-04 I -1.9947E-04 1 -16.87 I 52.66 1 O.OOOOE+00 I
S 7 -1.1606E-04 I -2.5711E-04 I -10.46 I 35.70 O.OOOOE+00 I
I 8 3.8394E-04 1 -2.4289E-04 1 -1.915 1 -44.57 I 0.O000E+00 1



9 3.0053E-04 I -3.0053E-04 1 -16.65 1 -52.27 I 0OOOE+oo I
10 1 1.1606E-04 1 -2.5711E-04 1 10.46 I 35.70 1 0.O000B+00 1
11 1 O.C'OE+00 I -2.8209E-04 I -4.7535E-06 1 53.08 1 0.O000E+O0 I
12 I -2.8209E-04 I O.OOOOE+00 1 -5.002 I 1.8324E-07 I O.OOOOE+O0 I
13 I 2.5711E-04 I -1.1606E-04 1 -14.73 1 33.91 1 0.O000E+O0 1
14 I 1.9947B-04 1 -1.9947E-04 1 16.87 I 62.66 I O.OOOOE+00 1
15 1 -2.5711E-04 I 1.1606E-04 1 14.73 I -33.91 I O.OOOOE+00 I
16 1 -1.9947E-04 I 1.9947E-04 1 -16.87 I -52.66 1 O.OOOOE+00 I
17 1 2.8209E-04 I O.OOOOE+00 1 5.002 I -1.8324E-07 I O.OOOOE+00 I
18 ! -3.8394E-04 ! 2.4289E-04 1 1.915 1 44.57 I 0.O000E+00 1
19 ! -3.0053B-04 I 3.0053E-04 I 16.65 I 52.27 0.O000E+00 1
20 1 -1.1606B-04 I 2.5711E-04 ! -10.46 I -35.70 1 0.O000E+00 I
21 ! O.OOOOE+00 ! 2.8209E-04 ! 4.7535E-06 ! -53.08 0.0000Fo.0 
22 ! 1.9947E-04 1 1.9947E-04 1 16.87 ! -52.66 0.O000E+O0
23 ! 1.1606E-04 ! 2.5711E-04 1 10.46 ! -35.70 0.O000E+O0 "
24 I 2.5711E-04 I 1.1606E-04 ! -14.73 ! -33.91 I 0.O000E+0
25 ! -2.4289E-04 I 3.8394E-04 ! -8.023 I 24.66 . 0.O000E+0
26 I 3.0053E-04 ! 3.0053E-04 ! -16.65 I 52.27 I 0.O000E+00 I .
27 ! 2.4289E-04 ! 3.8394E-04 I 8.023 I 24.66 I 0.O000E+O0 I
28 1 3.8394E-04 1 2.4289E-04 1 -1.915 I 44.57 0.O000E+00

MACROSCOPIC STRESS FIELD !

S(1,1) = O.OOOOD+00 S(1,2) = O.OOOOD+00 S(1,3) = 0.1000D+03 i
S(2,2) = O.OOOOD+00 S(2,3) = O.OOOOD+00

S(3,3) = 0.ooooD+00 1

MACROSCOPIC STRAIN TENSOR
! I

I E(1,1) = -0.2436D-02 E(1,2) = -0.3604D-02 E(1,3) = 0.1113D-01 I
E(2,2) = O.OOOOD+00 E(2,3) = O.OOOOD+00

E(3,3) = O.OOOOD+O0 I

I. I

MICROSCOPIC STRESS FIELD
I I
!ELE! $11 I S22 I S33 I S23 I S13 I S12 I

I 1 ! -6.35 1 -7.92 1 159. 1 O.OOOE+00 I O.OOOE+00 ! 6.210E-16 1
2 I -19.8 ! -8.08 i 159. ! O.OOOE+00 ! 0.O00E+00 I -1.35 !
3 1 -26.4 I -3.32 I 160. ! O.OOOE+00 I O.OOOE+00 1 -10.4 1
4 ! -21.8 1 -7.27 I 159. I O.OOOE+00 ! O.OOOE+00 ! -1.17
5 ' -16.2 I -7.57 I 159. 1 O.OOOE+00 I O.OOOE+00 ! -5.35

I 6 1-0.415 ! -8.99 I 159. I 0.O00E+00 I 0.O00E+00 I -3.05 I
! 7 ! 4.04 I 6.04 ! 43.0 1 O.OOOE+00 I O.OOOE+00 1 -1.22 !
I 8 1 -6.35 I -7.92 I 159. 1 O.OOOE+00 I 0.OOE+00 I 2.180E-15 1
1 9 1 -7.49 1 4.88 1 38.2 1 O.OOOE+00 I 0.O00E+00 I-3.102E-15 1

1 10 1 -7.49 I 4.88 I 38.2 I O.OOOE+00 I 0.O00E+00 I-2.773E-15 1
I 1 1-0.415 I -8.99 I 159. I O.OOOE+00 I 0.O00E+00 1 3.05 I
I 12! 4.04 I 6.04 1 43.0 1 O.OOOE+00 I 0.O0E+00 1 1.22 1
I 13 1 21.8 I 8.32 1 50.7 1 O.OOOE+00 I 0.O00E+00 1 -1.03 1
I 14 1 -6.74 I -5.77 I 34.4 I O.OOOE+00 I 0.OOOE+00 1 -5.16 I
I 15 1 3.64 I 3.34 1 41.8 I 0.O00E+00 I 0.O00E+00 I -7.50 I
I 16 1 -3.09 I -1.62 I 37.4 I O.OOOE+00 I 0.O00E+00 I -9.46 I



"U 1 1 -6.04 1 -1.66 138.3 1 0.OOOE+o0 0. OOOE+0O I -5.74
1 18 1 -15.4 1 -7.85 1 30.4 1 0.OOOE+00 I O.000E4-00 1 -7.24
L 19 1 -10.9 1 -5.67 I 32.9 I 0.OOOE+00 I 0.OOOE+00 I -4.8
120!1 4.68 1 4.18 1 42.6 1 0.OOOE+00 I O.OOOE+00 1 -1.38

I 21 1 -21.8 1 -7.27 I 159. 1 0.OOOE+00 I 0.OOOE.00 1 1.17 I
1 22 1 -19.8 1 -8.08 1 159. 1 0.OOOE+00 1 0.OOOE+00 1 1.35 I
123 1 -26.4 I -3.32 1 160. 1 0.OOOE+00 I 0.OOOE+00 1 10.4 I
124 I-16.2 I -7.57 I159. 1 0.OOOE+00 I 0.OOOE+00 1 5.35

1 25 I-10.9 I -5.67 1 32.9 I O.OOOE+00 I O.OOOE+O0 1 4.68 I
126 I4.68 I 4.18 I42.6 I .OOOE+00 1 0.OOOE+00 1 1.38 I
27 1 18.0 I 2.20 1 46.9 1 0.OOOE+00 1 0.OOOE+00 1 -1.10 1

I28 ! 18.0 I 2.20 I46.9 1 0.OOOE+00 1 0.OOOE+00 1 1.10 1
129 1 -8.04 i -1.66 I 36.3 I .OOOE+00 1 0.OOOE'.O00 ! 5.74 i
130 !-8.771B-02 1 4.38 ! 40.8 1 0.OOOE+00 I 0 OOOE+00 !-0.554 I
I31 !-3.45 I3.12 ! 39.1 ! 0.OOOE+O0 1 0.OOOE+00 1-6.081B-16
132! -7.21 I-9.31 ! 159. ! O-OOOH+00 ! 0.OOOE+00 ! -1.40 i

I 33 1-4.08 10.998 ! 38.0 ! 0.OOOE+00 ! 0.OOOE+00 ! -1.49 i -

134 1 -5.38 1 -7.19 I 160. ! 0.OOOE+OO ! 0.OOOE+00 ! -6.67 I
1 35 I-14.5 1-6.56 I160. I .OOOE+00 1 0.OOOE+00 ! -2.85
1 36 I-17.7 1 -7.97 1 159. 1 0.OOOE+00 I 0.OOOE+00 1-0.904
!37 I-35.3 !-4.77 i 160. ! 0.OOOE+00 ! 0.OOOE+00 ! -5.70

1 38 I21.8 I8.32 ! 50.7 1 0.OOOB+00 ! 0.OOOE+00 ! 1.03
39 1 3.64 I3.34 ! 41.8 ! 0-OOOE+00 ! 0.OOOE+00 ! 7.50
40 I-6.74 I-5.77 ! 34.4 ! 0.OOOE+00 1 0.OOOE+00 1 5.16
41 I-15.4 I-7.85 1 30.4 ! 0-000-9+00 ! 0.OOOE+00 1 7.24

I42 1 -3.09 I-1.62 ! 37.4 ! 0.OOOE+00 ! 0.OOOE+00 ! 9.46
I43 1-14.5 1-6.56 i 160. ! 0.OOOE+00 ! 0.OOOEe-O0 1 2.85
144 1-35.3 1 -4.77 ! 160. ! 0.OOOE+00 ! 0.OOOE+00 ! 5.70

1 45 I-3.45 ! 3.12 ! 39.1 ! 0.OOOE+00 ! 0.OOOE+00 ! 1.817E-15
!46 !-8.771E-02 ! 4.38 ! 40.8 ! 0.OOOB+00 ! 0.OOOB+00 ! 0.554

1 47 !-4.08 ! 0.998 I 38.0 ! 0.OOOE+00 ! 0.OOOE+00 1 1.49
48 1-7.21 1 -9.31 ! 159. 1 0.OOOE+00 1 0.OOOE+00 ! 1.40

!49 !-6.02 ! -7.95 ! 159. ! 0.OOOB+00 ! 0.OOOE.00 ! 8.172E-15 I
I50 1 -17.7 1 -7.97 1 159. 1 0.OOOE+00 1 0.OOOE+00 I 0.904
I51 !-6.02 ! -7.95 ! 159. ! 0.OOOE+00 ! 0.OOOE+00 1-6.442E-15 I
52 I-5.38 ! -7.19 I160. ! 0.OOOE+00 ! 0.OOOE+00 ! 6.67 1

I53 I -17.7 ! -7.97 !159. ! 0.OOOE+00 ! 0.OOOE+00 ! 0.904 1
54 I-6.02 1 -7.95 !159. ! 0.OOOE+00 I 0.OOOE+00 I-6.154E-15 I

I55 I-3.45 ! 3.12 1 39.1 ! 0.OOOE+00 1 0.OOOE+O0 I-5.725E-16
I56 !-8.771B-02 ! 4.38 1 40.8 ! 0.OOOE+00 1 0.OOOE+00 ! 0.554

1 57 1 -7.21 1 -9.31 !159. ! 0.OOOE+00 1 0.OOOE+00 1 1.40
58 I -4.08 !0.998 138.0 ! (C.000E+00 ! 0.OOOE+00 ! 1.49

I59 ! -L~.38 I-7.19 I 160. ! 0.OOOE+00 ! 0.OOOE+00 ! 6.67
I60 1 -6.02 I-7.95 I 159. ! 0.OOOE+00 ! 0.OOOE+00 ! 8.460E-15
61 I21.8 1 8.32 ! 50.7 ! 0.OOOE+00 ! 0.OOOE+00 ! 1.03

I62 I-6.74 I -5.77 ! 34.4 ! 0.OOOE+00 ! 0.OOOE+O0 ! 5.16 1
I63 !-15.4 ! -7.85 ! 30.4 I 0.OOOE+00 ! 0.OOOE+00 ! 7.24
84 1 3.64 1 3.34 141.8 I 0.000E400 1 0.OOOE+00 ! 7.50

I65 ! -3.09 I-1.62 !37.4 ! 0.OOOE+00 ! 0.OOOE+00 ! 9.46
I 66 1 -14.5 I-6.66 1 160. 1 0.OOOE+00 I 0.OOOE+00 I 2.85
1 67 1 -17.7 I -7.97 1 159. ! 0.OOOE+00 1 0.OOOE+00 1-0.904

68 I -35.3 1 -4.77 i 160. 1 0.OOOE+O0 1 0.OOOE+00 1 -5.70
I69 1 -14.5 I -6.56 1 160. ! 0.OOOE+00 I 0.OOOE+00 ! -2.85

1 70 1 -35.3 I -4.77 I 160. 1 0.OOOE+00 I 0.OOOE+00 I 5.70
I 71 1 -5.38 1 -7.19 1 160. 1 0.OOOE+00 I 0.OOOE+00 1 -6.67
1 72 1 -7.21 I -9.31 I 159. 1 0.OOOE+00 I 0.OOOE+00 I -1.40
!73 1 -3.45 1 3.12 I 39.1 1 0.OOOE+00 I 0.OOOE+00 I 1.852B-16 I

I 74 1-8.771F,-02 I 4.38 A 40.8 I 0.OOOE+00 I 0.OOOE+00 1-0.554
I 75 1 -4.08 1 0.998 I 38.0 1 0.OOOE+00 I 0.0008+00 1 -1.49
1 76 I -26.4 1 -3.32 I 160. 1 0.0008+00 I 0.0008+00 1 10.4



1 ! 77 I -21.8 I -7.27 I 159. 1 0.00E+0 I 0.O00E+00 I 1.17
I 78 I -16.2 I -7.57 I 159. I O.O00E+O0 I 0.000E+00 I 5.35 I
t 79 1 -6.04 1 -1.66 1 36.3 1 O.OOOE+O0 I O.OOOE+00 1 5.74
1 80 I -19.8 1 -8.08 1 159. I O.OOOE+00 I O.OOOE+00 1 1.35
1 81 I -10.9 1 -5.67 1 32.9 I O.OOOE+00 I O.OOOE+00 t 4.68
I 82 ! 4.68 I 4.18 1 42.6 1 O.OOOE+00 I O.OOOE+00 I 1.38 !
1 83 I 18.0 I 2.20 I 46.9 I O.OOOE+00 I 0.O00E+0 1 1.10 I
1 84 1 18.0 1 2.20 ! 46.9 I O.O00E+00 I O.OOOE+00 I -1.10 I
I 85 1 -15.4 ! -7.85 I 30.4 I O.OOOE+00 I 0.O00E+00 I -7.24 0 0

I 86 ! -3.09 I -1.62 I 37.4 I O.OOOE+00 I O.OOOB+00 I -9.46 I
1 87 ! -10.9 I -5.67 I 32.9 I 0.OO)E+00 ! O.OOOE+00 I -4.68 I
! 88 I 4.68 ! 4.18 I 42.6 ! O.OOOE+00 I O.OOOE+00 ! -1.38 1
! 89 I -6.04 ! -1.66 ! 36.3 I 0.O00E+00 I O.OOOE+00 ! -5.74 !
! 9C 1 3.64 ! 3.34 ! 41.8 O.OOOE+00 ! O.OOOE+00 ! -7.50 I rn

zI 91 ! -6.74 1 -5.77 I 34.4 ! 0.O00E+00 ! O.OOOE+00 ! -5.16 .
92 ! 21.8 ! 8.32 ! 50.7 ! O.OOOE+00 1 0.OE+00 ! -1.03 i

1 93 ! -6.35 1 -7.92 1 159. ! 0.O00E+00 I 0.O00E+00 !-1.578B-14 f

! 94 ! 4.04 I 6.04 ! 43.0 ! O.OOOE+00 I 0.OO0E+O0 ! 1.22 I mz
1 95 1-0.415 ! -8.99 ! 159. 1 O.OOOE+00 ! O.OOOE+00 ! 3.05 %

1 96 I -7.49 1 4.88 ! 38.2 1 O.OOOE+00 ! O.OOOE+O0 ! 1.828E-15 1 I

I 97 ! -7.49 I 4.88 ! 38.2 ! O.OOOE+00 ! O.OOOE+00 ! 2.157E-15 I
! 98 ! -21.8 !-7.27 ! 159. ! O.OOOE+00 ! O.OOOE+00 ! -1.17 1
1 99 I -19.8 I -8.08 ! 159. ! O.OOOE+00 I 0.O00E+00 ! -1.35
1 100 I -16.2 I -7.57 ! 159. ! O.OOOE+00 ! 0.(X)E+00 1 -5.35

101 I 4.04 I 6.04 I 43.0 ! O.OOOE+00 ! 0.O00E+00 ! -1.22 I
I 102 !-0.415 I -8.99 ! 159. ! O.OOOE+00 ! O.OOE+O0 ! -3.05
I 103 ! -26.4 I -3.32 ! 160. ! 0.O00E+00 ! 0.O00E+00 ! -10.4

104 ! -6.35 1 -7.92 ! 159. ! O.OOOE+00 ! 0.O00E+00 !-1.422E-14 !
------------------------------------------------------------------------

STRESS FORCEI I.

!NODE x ! Y I FX FY FZ
------------------------------------------------------------------------ I

! 1 ! -3.8394E-04 ! -2.4289E-04 ! 6.099 6.485 ! O.OOOE+O0 I
2 ! -3.0053E-04 ! -3.0053E-04 ! 10.16 2.168 ! O.OOOOE+00
3 ! -2.4289E-04 1 -3.8394E-04 1 7.597 1 4.298 i 0.O000E+O0 I
4 I 2.4289E-04 ! -3.8394E-04 1 -7.597 4.298 ! 0.O000E+00 1
5 I -2.5711E-04 ! -1.1606E-04 I -2.000 -5.050 I O.OOOOB+00 I
6 1 -1.9947E-04 ! -1.9947E-04 I -10.20 I -2.176 ! 0.O(XE+00 1
7 I -1.1606E-04 ! -2.5711E-04 ! -10.68 1 -4.417 ! O.OOOOE+O0 I
8 ! 3.8394E-04 ! -2.4289E-04 ! -6.099 6.485 ! O.OOOOE+00 I
9 ! 3.0053E-04 I -3.0053E-04 1 -10.16 1 2.168 O.OOOOE+00 1

I 10 ! 1.1606E-04 ! -2.5711E-04 ! 10.68 1 -4.417 ! O.OOOOE+00 I
11 1 O.OO0E+O0 I -2.8209E-04 ! -2.1422E-06 ! 0.4535 ! 0.O000E+00 I

I 12 ! -2.8209E-04 ! 0.O000E+00 ! -2.839 1 -3.7359E-08 ! O.OOOOE+00 I
! 13 I 2.5711E-04 ! -1.1606E-04 ! 2.000 ! -5.050 ! O.OOOOE+O0 I

14 1 1.9947,-04 1 -1.9947E-04 1 10.20 ! -2.176 ! O.OOOOE+00 I
15 ! -2.5711E-04 I 1.1606E-04 1 -2.000 5.050 1 O.OOOOE+00 I

I 16 I -1.9947B-04 1 1.9947E-04 I -10.20 2.176 I 0.O000E+00 1
17 1 2.8209E-04 1 0.O000E+00 1 2.839 1 3.7359E-08 I O.OOOOE+O0 I

- 18 ! -3.8394B-04 1 2.4289B-04 1 6.099 I -6.485 I O.O008+00 I
I 19 1 -3.0053B-04 I 3.00538-04 I 10.16 1 -2.168 1 0.0000H+00 I
I 20 1 -1.1606E-04 1 2.57118-04 1 -10.68 1 4.417 1 0.0000+00 1
I 2 I 0.00008+00 1 2.8209E-04 1 2.1422E-06 1 -0.4535 I 0.0000+O0 I
I 2: I 1.9947E-04 I 1.9947E-04 I 10.20 1 2.176 I 0.OOOOE+00 I
1 23 I 1.1606E-04 I 2.57118-04 I 10.68 1 4.417 I 0.0000+00 I
I 24 I 2.5711B-04 1 1.1606E-04 I 2.000 I 5.050 I O.O008+00 I
I 25 I -2.4289B-04 ! 3.8394E-04 1 7.597 1 -4.298 ! O.000E+00 I
I 26 I 3.0053B-04 1 3.0053B-04 I -10.16 1 -2.168 I O.OOOOE+00 I



1 27 1 2.4289E-04 1 3.8394E-04 1 -7.597 1 -4.298 1 0.OOOOE+0oo
1. 28 1 3.8394E-04 1 2.4289E-04 1 -8.099 1 -6.485 I O.OOOOE+00 I

MACROSCOPIC STRESS FIELD 0

1 ~ S01 1 .OOOOD+00 S(1,2) = 0.OOOODi-00 S(1,3) = 0.OOOOD+00 I

S(2,2) = 0.1000D-i03 S(2,3) = 0.OOOOD+00 I
S(3,3) = 0.OOOOD+00 I

------------------------------------------------------------------------- I

MACROSCOPIC STRAIN TENSORI

* IE(1,1) = O.OOOOD+00 E(1,2) = 0.OOOOD+00 B(1,3) = O.OOOOD+00 I
E(2,2) = O.2880D-01 B(2,3) = O.OOOOD+00 I

E(3,3) = 0.OOOOD+00 I
-------------------------------------------------------------------------

MICROSCOPIC STRESS FIELD

* ELE! Sl I S22 I S33 IS23 i S13 i S12

1 IO.OOOE+00 I 0.OOOE+00 I 0.OOOE+00 I 140. !3.422E-04 1 0.OOOE+00
* I 2 ! O.OOB+00 I .OOOE+00 ! 0OO+00 ! 146. 1 12.0 ! O.OOO0+00 1

3 I .OOOE+00 I .OOOE+00 ! 0.OOOE+O0 ! 119. 1 24.8 ! 0.OOO0+00 1
4 1 O.OOOE+00 1 O.0OOE+00 ! 0OE+00 I 117. ! 27.9 ! 0.OOOE+00!

1 5 !0.OOOE+00 0-O.OOE+00 ! 0.OOOE+00 1 144. 1 24.4 1 0. OOOE+00
6 !0.OOOB+00 I0.OOOE+00 ! 0.OOOE+00 ! 157. 11.433B-04 ! O.OOOE+00

I 7 1 0.OOOE+00 I .OOOE+00 1 0.OOOE+00 1 10.0 ! 2.677E-05 ! 0.OOOE+00I
8 1 0.OOOE+00 I .0OOE+00 ! 0.OOO0+00 ! 140. !-3.229B-04 ! 0.OOOE+00
9 1 0.OOOE+00 1 0.-OOOE+00 1 O.OOOE.00 1 70.9 1 1.777E-05 ! 0. OOOE+00 1

10 I0.OOOE+00 ! O.OOOE+00 ! 0.OOOE+O0 ! 70.9 I-1.599E-05 ! O.OOO0+00
11 0 0.OOOE+00 0. 0OB+00 ! 0.OOOE+O0 I 157. !-1.386B-04 1 0.OOOE+00
12 IO.OOOE+00 I .OOOE+00 ! 0.OOOE+00 ! 10.0 !-2.960E-05 ! O.OOOE+00

I13 1 0.O0OB+00 I0.OOO0+00 1 O.OOOE+00 ! 78.3 i 15.6 I O.OOO0+00
14 I0.OOOE+00 I .OOOE+00 ! 0.OOO0+00 ! 88.4 I29.6 ! O.OOOB+00

I 15 I .OOOE+00 I0.OOOB+00 ! 0.OOOE+00 I 72.3 I45.7 ! O.OOO0+00 1
I16 I .OOOE+00 1 0.OOOE+00 ! 0.OOOE+00 I 87.9 I56.5 ! 0.OOOE+00
I17 I .OOOE+00 1 0.OOOE.00 ! 0.OOOE+00 ! 53.3 1 64.7 I 0.OOOB4-00 I
118 I .OOOE+00 ! 0.OOOE+00 1 0.OOOE+O0 1 64.1 I 80.3 ! 0.OOOE+00 I
!19 I .OOOE+00 I 0.OOOE+00 1 0.OOOE+00 I 67.9 ! 50.1 ! 0.OOOE+00 I

I 20 ! 0.OOOE+00 ! 0.OOOE+00 ! 0-OOOE+00 1 66.5 ! 4.34 ! 0.OOO0+00 1
I 21 ! 0.OOOE+00 I 0.OOOE+00 I 0.OOOE+00 1 117. ! -28.0 ! 0.OOOE+00 !
I 22 ! 0.OOOE+00 1 0.OOOE+00 ! 0.OOOE+00 1 146. I -12.0 ! 0.OOO0+00 1
1 23 ! 0.OOOE+00 1 O.OOOE+00 ! 0.OOOE+00 1 119. I -24.8 I 0.OOO0+00 !
1 24 1 0.OOOE+00 I 0.OOOE+00 I 0.OOOE+00 1 144. 1 -24.4 1 0.OOOE+00 I
1 25 I .OOOE+00 I 0.OOOE+00 I 0-OOOB+00 I 67.9 I -50.1 1 0.OOOE+00 I
126 I .OOOE+00 I 0.OOOE+00 1 0.OOO0+00 1 66.5 1 -4.34 ! 0.OO00+00 1
127 1 0.OOOE+00 I 0.OOOE+00 I 0.OOOE+00 1 76.3 I 15.6 1 0.OOOB+00 I
I 28 I 0.OOOB+00 I 0.OOOE+00 I 0.OOOE+00 1 76.3 I -15.6 I 0.OO00o I
I 29 I .OOOE+00 I 0.OOOE+00 I 0-OOOE+00 1 53.3 1 -64.7 1 0.OOOE+00 I
I 30 I .OOOE+00 I 0.OOOE+00 I 0-OOOE+00 1 42.6 1 28.3 1 0.OOOE+00 I
I 31 I 0.OOOE+00 I 0.OOOE+00 I 0.OOOE+00 1 70.9 I 1.196B-05 I 0.OOOE+00 I
I 32 1 0.OOOE+00 I 0.OOOE+00 I 0.OOOE+00 1 157. 1 2.557B-05 I 0.OOOE+00 I
I 33 I 0.OOOE+00 I 0.OOOE+00 I 0.OOOE+00 1 10.0 1 1.891E-05 I 0.OOOE+00 I
I 34 I 0.OOOE+00 I 0.OOOE+00 I 0.OOOH+00 1 144. 1 24.4 I 0.OOOE+00 I



17I35 1 0.000E4-00 I 0.OOOE+00 1 0. OOOE+00 1 117. 1 27.9 1 0. OOOB+00 I
1 36 1 0.OOOE+00 I 0.OOOE+00 I 0.OOOE+00 1 146. I 12.0 I 0.OOOE+00 I
r 37 0 .OOOE+00 I o.oooB+oo I o.oooE+00 1 119. 1 24.8 I 0.OOOE+00 I
1 38 1 0. OOOE+00 I 0.OOOE+00 I 0.OOOE+00 1 76.3 1 -15.6 1 0.OOOE+00 I
1 39 1 0.OOOE+00 I 0.OOOE+00 I 0.OOOE+00 I 72.3 I -45.7 I 0.OOOE+00 I

140 1 0.OOOE+00 I 0.OOOE+00 I 0.OOOE+00 I 88.4 1 -29.6 I 0.OOOE+00 I
141 1 0.OOOE+00 I 0.OOOE+00 I 0.OOOB+00 1 64.1 I -80.3 I 0.OOOE+00 I
142 I 0.OOOE+00 I O.OOOE+00 I 0.OOOE+00 I 87.9 1 -56.5 I 0.OOOE+00 I
143 I 0.OOOE+00 I 0.OOOE+O0 I 0.OOOE+00 I 117. I -27.9 I 0.000E4.00I

I 44 ! 0.OOOE+00 ! 0.OOOE+00 ! O.OOOE+00 1 119. I-24.8 I 0.OOOE+00 I
145 1 0. OOOBi.00 1 0. OOOE+0O 1 0. OOOE+O0 1 70.9 1 1. 196B-05 I 0.OOOE+00 I

! 46 ! 0.OOOE+00 I .OOOE+O0 I .OOOE+00 I42.6 1 -28.3 I .OOOE+00 I
!47 ! 0.OOOE+00 I .OOOE+00 I .OOOE+00 I10.0 I1.891B-05 I .OOOE+00 0

1 48 ! 0.OOOE+00 1 0.OOOE+00 I .OOOE+00 I157. I 2.657E-05 1 0.OOOE+00 m
I49 ! 0.OOOE+00 ! 0.OOOE+00 1 O.OOOE+00 I140. !-2.326B-05 I0.OOOH+00 I

O 50 0.OOOE+00 I 3.OOOE+00 ! 0.OOOB+00 1 146. I-12.0 I .OOOE+00 I
151 I .OOOE+00 I 0.OOOE+00 I 0.OOOE+00 1 140. !-2.326E-05 I .OOOE+00 I
152 I0. OOOE+00 I .OOOE+00 1 0.OOOE+00 1 144. ! -24.4 I .OOOE+00 1

1 53 I .OOOE+00 I .OOOE+00 ! .OOOE+00 I146. ! -12.0 I .OOOE+00 I m"
I54 I .OOOE+00 I .OOOE+O0 I .OOOE+00 I140. !-4.732B-05 I 0.OOOE+00
I55 1 0.OOOE+00 I .OOOE+00 I 0.OOOE+00 I70.9 !-1.082E-05 ! 0.OOOE+00
1 56 1 0.OOOE+00 I .OOOE+00 ! 0.OOOE+00 I42.6 ! -28.3 ! 0.OOOE+00

I57 ! 0.OOOE+00 I 0.OOOE+00 ! 0.OOOE+00 I157. !-3.719B-05 ! 0.OOOE+00
I58 1 0.OOOE+00 I .OOOE+00 ! 0.OOOE+00 I10.0 !-1.648E-05 ! -0.OOOH+00
I59 ! 0.OOOE+00 I .OOOE+00 ! 0.OOOB+00 1 144. I -24.4 I 0.OOOE+00

I 60 ! 0.OOOE+O0 I .OOOE+00 ! 0.OOOE+O0 ! 140. !-4.732E-05 ! 0.OOOE+00
!61 I 0OOOE+00 I .OOOE+00 ! 0.OOOE+00 ! 76.3 I -15.6 ! 0.OOOE+00I

1 62 I .OOOE+00 I .OOOE+00 ! 0.OOOE+00 ! 88.4 ! -29.6 ! 0.OOOE+00 !
63 I .OOOE+00 ! .OOOE+00 ! 0.OOOE+00 ! 64.1 ! -80.3 ! 0.OOOE+00 !

164 1 0.OOOE+00 ! 0OOOE+00 ! 0.OOOE+00 ! 72.3 ! -45.7 ! 0.OOOE+00!
1 65 I .OOOE+00 1 O.OOOE+OO 1 O.OOOE+00 1 87.9 ! -56.5 1 0.OOOE+0O 1

66 ! .OOOE+00 I .OOOE+00 ! 0.OOOE+00 I 117. ! -27.9 ! O.OOOE+00 I
I67 IO.OOOE-*00 I .OOOE+00 ! 0.OOOE+00 I 146. I12.0 I 0.OOOE+00 !

68 1 0.OOOE+00 1 0.OOOE+00 ! 0.OOOE+00 I 119. I 24.8 ! 0.OOOE+00 !
69 ! 0.-OOOE+00 ! O.OOOE+OO 1 O.OOOE+OO ! 117. ! 27.9 ! 0.OOOE+00!
70 ! 0.OOOE+00 ! 0.OOOE+00 ! O.OOOE+00 ! 119. ! -24.8 ! O.OOOE+00!
71 ! O.OOOE+00 ! 0.OOOE+00 I 0.OOOE+00 ! 144. ! 24.4 ! 0.OOOE+00!

172 ! 0.OOOE+00 1 0.OOOE+00 ! 0.OOOE+00 ! 157. !-3.719B-05 1 0.OOOE+00 !
73 ! 0 -OOOE+00 1 0.OOOE+00 ! 0.OOOE+00 ! 70.9 ! -1. 082B-05 ! 0.OOOE+00 !

I74 ! 0.OOOE+00 ! 0.OOOE+00 ! O.OOOE+O0 ! 42.6 ! 28.3 ! 0.OOOE+00!
I75 ! 0.OOOE+00 ! O.000E4.00 ! 0.OOOE+0O 1 10.0 !-1.648B-05 ! 0.OOOE+O0 !

1 78 ! 0.OOOE+00 ! 0.OOOE+00 ! O.OOOB+o0 ! 119. ! -24.8 ! 0.OOOE+00 I
177 ! 0.OOOE+00 ! 0.OOO-E+00 ! 0.OOOE+00 1 117. I -27.9 ! 0.OOOE+00 I
I78 ! 0.OOOE+00 !0.OOOB+00 ! 0.OOOE+00 ! 144. ! -24.4 ! 0.OOOE+00I

79 ! 0 -OOOE+00 ! 0.OOOE+00 ! 0.OOOE.00 ! 53.3 ! -64.7 1 0.OOOE+00 I
80 I 0OOOE+00 I 0.OOOE+0O I 0.OOOE+i00 1 146. ! -12.0 I 0.OOOE+00 !
81 !0-OOOB+00 I 0.OOOE+00 ! 0-OOOB+00 1 67.9 I -50.1 ! 0.OOOE+00I
82 ! .OOOE+00 ! 0.OOOE+00 ! 0.OOOE+00 1 66.5 ! -4.34 ! 0.OOOB+00I

1 83 !0. OOOE+00 I 0.OOOE+00 I 0.0008+00 1 76.3 I -15.6 1 0 -OOOE+00I
184 I 0.000+00 ! 0.0008+00 I 0.0008+00 1 76.3 I 15.6 I 0.OOOB+00 I

1 85 1 0.OOOE+00 1 0.0008+00 1 0.0008+00 1 64.1 1 80.3 1 0.0008+00 I
88 1 0.0008O+00 I 0.0008+00 I 0.0008+00 1 87.9 ! 56.5 ! 0.0008+00 I

I87 ! 0.0008+00 I 0.0008+00 I 0.0008+00 I 67.9 I 50.1 1 0.OOOE+00 I
1 88 I 0.0008+00 I 0.0008+00 I 0.0008+00 I 66.5 1 4.34 ! 0.0008+00 I
1 89 ! 0.0008+00 I 0.0008+00 I 0.0008+00 1 53.3 1 64.7 I 0. OOOE+00 I
I 90 1 0.0008+00 I 0.0008+00 I 0.000B+00 1 72.3 1 45.7 I 0.0008+00 I
1 91 1 0.0008+00 I 0.000B+00 I 0.OOOE+00 1 88.4 I 29.6 I 0.0008+00 I
1 92 1 0.0008+00 I 0.0008+00 I 0.0008+00 1 76.3 1 15.6 1 0.0008+00 I
I 93 1 0.OOOE+00 I 0.0008+00 I 0.0008+00 1 140. 1 3.4228-04 I 0.0008+00 1
194 1 0.0008E+00 I 0.0008+00 I 0.0008+00 1 10.0 1 2.677B-05 I 0.OOOE+00 I



I . 6 1~ oE 0.000:00 B00 .0003:00 17.9 1.777B-05 1 0.0009+001

~ '97 0 .0003+00 I 0.OOOE:O0 I 0.0003:00 ! 70.9 1-1.599B-05 1 0.000+001
98 I 0.0003:00 I 0.0003+00 I 0.0003+00 1 117. ! 27.9 I 0.000+:00 1

1 99 1 0.0003+00 I 0.0003:00 I 0.0003:00 1 146. 1 12.0 1 0.000+00 1
1 100 1 0.0003:00 I 0.000B+00 1 0.0003:00 1 144. 1 24.4 I 0.000+:00 I
I 101 1 0.0003:00 I 0.0003+00 I 0.0003:00 1 10.0 1-2.9603-OS I 0.0003:00 I
1 102 ! 0.0003:00 I 0.0003:00 I 0.0003:00 ! 157. 1-1.386B-04 1 0.0003:00 I
1103 1 0.0003:00 I 0.OOOEBiOO I 0.OOOEi-O0 1 119. 1 24.8 I 0.0003:00 I0
1104 1 0.0003:00 ! 0.0003:00 I 0.0003+00 ! 140. 1-3.229B-04 1 0.0003:00, I m
--------------------------------------------------------------------------------- I

ISTRESS FORCE
mn
z

INODE! 1 X I Y i FX I FY I FZ1 r
- - --- -- -- -- -- -- -- -- -- -- ----- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- - - - ---

I

1 I-3.8394E-04 I-2.42893-04 0 .00003:00 ! O.OOOOE+00 I-57.43 1
1 2 I-3.0053B-04 I-3.00533-04 1 0.00003:00 ! 0.00003:00 I-63.63 1

3 I-2.4289B-04 I-3.83943-04 ! 0.00003+00 ! 0.00003:00 I-42.25 1 I,
1 4 I 2.42893-04 ! -3.83943-04 ! 0.00003+00 I 0.OOOOE+00 1 -42.25
1 5I -2.57113-04 ! -1.16063-04 ! 0.00003:00 I 0.00003:00 1 42.25

6 ! -1.9947B-04 1 -1.99473-04 1 0.OOOOB+00 ! 0.00003+00 I 63.63
7 ! -1.1606B-04 ! -2.5711E-04 I .00003:00 I 0.00003+00 I 57.43

1 8 ! 3.8394B-04 I -2.4289B-04 I .00003+00 ! 0.00003+00 1-57.43
1 9 1 3.0053B-04 1 -3.0053E-04 1 0.00003:00 1 0.OOOOEH.00 I -63.63
1 10 ! 1.1606B-04 ! -2.5711E-04 I O.OOOO.'00 ! 0.0000E+00 ! 57.43

11 ! 0.OOOOE:00 I -2.8209E-04 I 0.OOOOE+00 ! 0.0000E+00 1 48.12 I
12 1 -2.8209E-04 ! 0.OOOOE:00 ! 0.00003:00 ! 0.00003+00 I2.34853-05 1
13 ! 2.57113-04 1 -1.16063-04 ! 0.00003+00 I 0.00003+00 I 42.25
14 ! 1.9947B-04 I-1.9947B-04 ! 0.00003:00 ! 0.00003+00 1 63.63

1 15 1 -2.5711B-04 I1.1606E-04 1 0.0000B+00 1 0.00003+00 I -42.25
16 ! -1.99473,-04 I1.99473-04 I 0.00003+00 I 0.00003+00 ! -63.63
17 ! 2.8209B-04 0.0B0 1 0.0000+00 1 .OOOOE+00 ! 0030 2.5640-05I

I 18 I -3.8394B-04 I2.4289E-04 ! 0.00003+00 ! 0.00003+00 1 57.43
19 ! -3.0053B-04 I3.0053E-04 ! 0.00003+00 ! 0.00003+00 I 63.63
20 ! -1.1606E-04 ! 2.5711E-04 ! 0.00003+00 1 0.00003+00 I-57.43

I 21 ! 0.00003+00 ! 2.8209E-04 ! 0.OOOOE+00 ! 0.00003+00 I-46.12
22 ! 1.99473-04 I1.9947E-04 ! O.OOOOE:00 ! 0.0000E:00 I -63.63

I 23 ! 1.1606B-04 I2.5711E-04 ! 0.00003+00 I 0.OOOOE+00 ! -57.43
24 ! 2.57113-04 11.16063-04 ! 0.OOOOE400 ! 0.00003+00 ! -42.25
25 ! -2.42893-04 !3.8394B-04 ! 0.00003+00 ! 0.00003+00 ! 42.25

f 26 ! 3.0053B-04 13.0053E-04 I 0.OOOOE:00 I 0.0000E:00 ! 63.63 1
i 27 ! 2.42893-04 1 3.8394E-04 ! 0.00003+00 ! 0.00003+00 I 42.25
1 28 ! 3.8394B-04 1 2.42893-04 I 0.00003+00 1 0.00003+00 I 57.43

MACROSCOPIC STRESS FIELD

I S(1,1) O.0000D:00 S(1,2) = 0.OOOOD:00 S(1,3) = 0.OOOOD:00 I
S(2,2) = 0.OOOOD:00 S(2,3) = 0.1000D+03 1

S(3,3) = 0.0000D:00 I
------------------------------------------------------------------------- I

I MACROSCOPIC STRAIN TENSOR

B (1,1) = .0000D400 E(1,2) = .0000D:00 3(1,3) = .0000D:00 I



B (2,2) = O.OOOOD+OO B(2,3) = 0.2655D-01 I
B(3,3) = O.OOO0D+00 I---------------------------------------------------------

MICROSCOPIC STRESS FIELDI

1 ELBI 811 I S22 I S33 I 823 I 813 I 812 I
I ---------------------------------------------------------------------- I
1 1 1 0.0003+00 ! 0.00000 I 0.0003+00 1-4.863B-05 I 128. I 0.0000+00 1I0
1 2 ! 0.OOE000 I O.OOOE4.00 I 0.000300 1 11.6 1 150. 1 0.00W=0 I
1 3 ! 0.0003+00 1 0.000300 1 0.0006+00 1-2.2763-05 1 176. I 0.0003+00 1
4 1 0.0003+00 1 0.OOOE000 ! 0.000300) 1 14.5 ! 148. 1 0.0003+00 1

1 5 1 0.0003+00 ! 0.OOOE000 ! 0.OOO0000 1 16.4 i 119. 1 0.0000.00 I
86 O.OOOE.0O 1 0.OOOE000 I0.0000+Q0 ! 19.1 I114. I 0.0003+00!
7 I0.000.00 ! 0.0003.00 I .OUOE.0O 1 16.6 I75.3 I 0.00,00+00 1
8 I .0003.00 1 0.0000.00 I0.0000.00 !-4.8633-05 ! 128. ! 0.OOOE.00 !
9 I .0003+00 ! 0.0003.00 0.000300) 1-1.4103-06 ! 69.5 ! 0.0000+00 1

1 10 1 0.000E=00 0.000300 1 0.0003.00 1-1.4103-06 1 69.5 1 0. 000300D
11 I0.0003B+00 I .0003.00 ! 0.0003+00 ! -19.1 ! 114. I 0.000+00 1 I
12 !0-0003.00 I0.OOO0000 ! 0.000E+00 I -16.6 ! 75.3 I 0.0000+00 1

I13 I .0003.00 I0.0000.00 ! 0.0000.00 ! 8.1653-06 I 5.90 ! 0.00,0000 I
14 !0.OOO0000 I0.0003+00 ! 0.0003+00 I 52.4 ! 66.3 ! 0.0003+00!
15 I0.0003000 I0.000B+00 1 0.000300 I 67.6 ! 51.1 ! 0.0003+00!
16 I0.OOOE.00 0.0000+00 ! 0.OOO0+00 ! 84.2 ! 62.6 ! 0.OOOE000 !
17 I0.000B+00 !0.0003+00 ! 0.0003+00 1 47.5 ! 71.2 ! 0.000+00I
18 I0.000+00 1 0.000+.00 I 0.000+00 I 59.0 ! 87.8 1 0.OOO00
19 0 .OOO0+00 I0.000300D ! 0.0000+00 ! 30.9 ! 87.8 ! 0.0003000I
20 !0.000E+00 !0.0003+00 ! 0.000E+00 ! 29.5 ! 40.0 ! 0.000300
21 I0.000E+00 I0.000=00 ! 0.0003+00 ! -14.5 ! 148. I 0.00,03+00 !

I22 I .0003+00 I 0.0002+00 ! 0-000300 ! -11.6 i 150. I 0.00000)
123 ! 0.0000+00 1 0W00W=0 1 0.000300D 1-2.2703-05 1 176. ! 0.0003+00 1
24 ! .0003+00 ! 0.0003+00 ! 0.00000 ! -16.4 ! 119. ! 0.0003+00
25 ! .0003.00 ! 0.0003+00 1 0.0003+00 ! -30.9 ! 87.8 I 0.00000

I26 I0.0000.00 ! OW=O-.0 ! 0-OOO0.03 I -29.5 I 40.0 ! 0.0003+00 1
!27 I0.000+00 ! 0.0003+00 ! 0.0003+00 !-2.061B-06 ! 5.90 ! 0.00000 1
I28 I0.000+00 ! 0.0003+00 1 0.0003+00 ! -2.061B-06 ! 5.90 ! 0.OOO00 !
29 I0.0003+00 ! 0.003+0 ! 0.00DE.00 I -47.5 ! 71.2 ! 0.0003+00 I

I30 I .0003+00 ! 0.0003+00 ! 0.00000 1 4.61 1 64.9 ! 0.0003+00 I
31 10.000H+00 ! 0.0003+00 ! 0.0003+00 1 9.7623-06 ! 69.5 1 0.000300

I32 I .0003+00 ! 0.0003+00 ! 0.0003+00 ! 19.1 ! 114. I 0.0003+00 1
33 I .0003+00 ! 0.0003+00 ! 0.0000+00 ! 16.6 ! 75.3 ! 0.0003+00 1
34 !0.0003+00 ! 0.0003+00 ! 0.000300 I 16.4 ! 119. ! 0.0000+00 1
35 !0.0003+00 1 0.0003+00 ! 0.0003+00 ! 14.5 I 148. ! 0.0003+00 !
36 I0.000B+00 ! 0.0003+00 ! 0.00000 ! 11.6 ! 150. ! 0.0003+00 I

I37 I0.0003+00 ! 0-0003+00 1 0.0003+00 ! 4.1853-06 ! 176. ! 0.0003+00 1
38 I0.0003+00 1 0.0003+00 ! 0.003+0 I 8.165B-06 ! 5.90 ! 0.0003+00 1
39 1 0.000300 1 0.000E+00 ! 0.0003+00 I -67.6 I 51.1 ! 0.00000
40 1 0.0003+00 ! 0.0003+00 ! 0.0003+00 1 -52.4 I 66.3 ! 0.000300

!41 I0.0003+00 I 0.000+00 ! 0.0003+00 1 -59.0 ! 87.8 I 0.000300
42 I0-0003+00 1 0.000+00 ! 0.003+00 1 -84.2 ! 62.6 ! 0.00000
43 I 0.0003+00 ! 0.0003+00 1 0.0003+00 1 -14.5 1 148. ! 0.0003+00 !

144 1 0.0003+00 1 0.0003+00 1 0.0003+00 I 4.186B-06 1 178. 1 0.000+00 I
I45 !0.0003+00 ! 0.0003+00 ! 0.0003+00 1-7.9153-06 ! 69.5 I 0.000+00 1
I46 I0.0003+00 ! 0-00000 1 0.0003+00 I -4.61 1 64.9 I 0.000+00 1
I47 1 0.0003+00 I 0.0003+00 I 0.0003.00 1 -16.6 1 75.3 1 0.0003+00 1
48 ! 0.0003+0 I 0.0003W0 I 0.0003+00 1 -19.1 I 114. ! 0.000.00 1

I49 1 0.0003+0 1 0.-0003+0 I 0.0003+0 I 7.8383-05 1 128. 1 0.0003+00 I
I50 1 0.0003+0 I 0.0003.00 I 0.0003+00 I -11.6 I 150. 1 0.0003.00 I
I51 I 0.0003.00 I1 0.000300 1 0.0003+00 I 4.557B-05 1 128. 1 0.003+0 I
152 1 0.0003.00 1 0.000300) 1 0.0003.00 1 -16.4 I 119. 1 0.0003.00 1



1 5 63 1 0.0008+00 I 0.0008+00 1 0.0008E+00 1 -11.6 I 150. 1 0.0008+00 I
1. 54 1 0.0008+00 I 0.000H+00 I 0.0008+00 I 4.557E-05 1 128. 1 0.000+00 1
1 55 1 0.0008+00 I 0.0008+00 I 0.0008+00 1 9.762E-06 1 69.5 1 0.0008+00 I
16 1 0.000E+00 I 0.0008+00 I 0.000B+00 1 -4.61 1 84.9 1 0.0008+00 I
1 57 1 0.0008+00 I 0.0008+00 I 0.0008+00 1 -19.1 1 114. I 0.0008+00 I
1 58 1 0.0008+00 1 0.0008+00 1 0.0008+00 1 -16.6 1 75.3 1 0.0008+00 I
159 1 0.0008+00 ! 0.0008+00 I 0.fl008i00 I -16.4 ! 119. 1 0.0008+00 I

1 80 1 0.000E+00 1 0.0008+00 I 0.0008+00 I 7.838E-05 1 128. 1 0.00084.00 I1
1 61 1 0.OOOH+00 I 0.0008+00 I 0.0008+00 1-1.304B-05 I 5.90 1 0.0008+00 I
1 62 1 0.0008B+00 1 0.000B+00 1 0.0008B+00 1 -52.4 1 65.3 I .0008+00 I
I 63 I 0.0008+00 ! 0.000B+00 I 0.0008+00 1 -59.0 I 87.8 1 0.0008+00 I
1 84 1 0.000B+00 1 0.0008B+00 ! 0.0008+00 1 -67.6 i 51.1 ! 0.000B+00 I -

I65 1 0.0008+00 ! 0.000H+00 ! 0.0008+00 I -84.2 1 62.6 ! 0.000+00 1I<
I 66 ! 0.0008+00 1 0.0008+00 1 0.000+00 ! -14.5 ! 148. 1 0.000H+00 I m
1 67 ! 0.0008+00 ! 0.0008+00 I .0008+00 ! 11.6 ! 150. ! 0.0008+00 I m
168 ! 0.0008+00 ! 0.0008+00 I0.000+00 ! 4.256B-05 ! 176. ! 0.0008+00 I

I 69 ! 0.000H+00 ! 0.0008+00 I0.0008+f90 ! 14.5 ! 148. ! 0.0008+00 I x
170 ! 0.OOOE+00 ! 0.0008+00 IO.OOOE+00 ! 4.256E-05 1 176. ! 0.000+00 1
I 71 ! 0.OOOE+00 ! 0.0008+00 I .0008+00 ! 16.4 ! 119. I 0.0008+00 I
! 72 ! 0.0008+00 1 0.0008+00 I .0008+00 1 19.1 ! 114. 10O.0008+00I
! 73 ! 0.0008+00 ! 0.006L+00 I .0008+00 1-7.9158-06 ! 69.5 1 0.0008+00 I
! 74 1 0.0008+00 ! 0.0008+00 I .0008+00 ! 4.61 ! 64.9 ! 0.0008+00 I
! 75 ! 0.0008+00 ! 0.0008+00 I .0008+00 ! 16.6 ! 75.3 ! 0.0008+00 !
I76 ! 0.0008+00 ! 0.0008+00 ! 0.0008+00 ! 2.8838-05 ! 176. ! 0.0008+00
I77 ! 0.0008+00 ! 0.0008+00 ! 0.0008+00 I -14.5 ! 148. ! 0.000H+00 1
178 ! 0.0008+00 ! 0.0008+00 ! 0.0008+00 ! -16.4 ! 119. ! 0.000+00 !

! 79 ! 0.0008+00 ! 0.0008+00 1 0.0008+00 ! -47.5 ! 71.2 I0.000+00 1
1 80 ! 0.0008+00 ! 0.0008+00 1 0.000+00 ! -11.6 ! 150. I .0008+00
! 81 ! 0.0008+00 ! 0.0008+00 ! 0.0008+00 ! -30.9 ! 87.8 I .0008+00I
! 82 ! 0.000B+00 ! 0.0008+00 ! 0.0008+00 ! -29.5 ! 40.0 I0.000+00 1
I 83 ! 0.0008+00 ! 0.0008+00 1 0.0008+00 !-3.313B-06 ! 5.90 1 0.0008+00 I
I84 ! 0.0008+00 ! 0.0008+00 ! 0.0008+00 !-3.3138-06 ! 5.90 I0.0008+00 !
I85 ! 0.0008+00 ! 0.0008+00 ! 0.0008+00 I59.0 ! 87.8 I .0008+00 I
I86 1 0.0008+00 ! 0.0008+00 ! 0.0008+00 I84.2 ! 62.6 I .0008+00 I

1 87 ! 0.0008+00 1 0.0008+00 1 0.0008+00 I30.9 ! 87.8 I0.000+001
I 88 ! 0.0008+00 ! 0.0008+00 ! 0.0008+00 I29.5 ! 40.0 I .0008+00I
1 89 ! 0.0008+00 ! 0.0008+00 ! 0.0008+00 I47.5 ! 71.2 I0.000+00 1
! 90 1 0.0008+00 1 0.0008+00 ! 0.0008+00 I 67.6 ! 51.1 !0.000+00I
1 91 1 0.0008+00 1 0.000H+00 ! 0.0008+00 ! 52.4 1 66.3 10.000+00
!92 ! 0.0008+00 ! 0.0008+00 ! 0.0008+00 !-1.304E-05 ! 5.90 I .0008+00 I
193 1 0.0008+00 1 0.000E+00 ! 0.0008+00 ! 7.9288-05 I 128. 1 0.000+00 1
!94 ! 0.0008+00 1 0.0008+00 1 0.0008+00 ! -16.6 ! 75.3 ! 0.0008+00 1
195 1 0.000E+00 ! 0.000E+00 1 0.0008.00 1 -19.1 I 114. 1 0.0008+00 !
96 ! 0.0008+00 I 0.0008+00 ! 0.0008+00 !-7.308E-06 ! 69.5 I 0.000+00 1
97 1 0.000E+00 1 0.0008+00 1 0.0008+00 1-7.3088-06 1 f89.5 ! 0.0008+00 1

198 ! 0.0008+00 ! 0.0008+00 ! 0.0008+00 ! 14.5 ! 148. 1 0.000+00 1
I99 ! 0.0008+00 I 0.000B+00 ! 0.0008+00 1 11.8 1 160. I 0.000+00 1
100 ! 0.0008+00 ! 0.0008+00 1 0.0008+00 I 16.4 ! 119. ! 0.0008+00 I

1 101 I 0.0008+00 I 0.0008+00 1 0.000+00 1 16.8 1 76.3 I 0.0008+00 1
I 102 ! 0.0008+00 I 0.0008+00 I 0.0008+00 1 19.1 I 114. 1 0.000+00 1
! 103 ! 0.0008+00 ! 0.0008+00 I 0.0008+00 I 2.8838-05 1 176. I 0.0008+00 I
I 104 I 0.0008+00 I 0.0008+00 I 0.0008+00 1 7.928B-05 1 128. 1 0.000B+00 I
-------------------------------------------------------------------------- I

I STRESS FORCE

I NODE I X I Y I FX I FY I FZ
I------------------------------------------------------------------------I

1 1I -3.83948-04 I -2.4289B-04 I 0.00008+00 I 0.00008+00 I -43.23
I 2 ! -3.00538-04 I -3.00538-04 I 0.00008+00 I 0.00008+00 1 -65.24 1



- ! 3 1 -2.4289B-04 1 -3.8394E-04 1 0.00003+00 1 O.O000300 1 -57.69
1 4 I 2.4289E-04 I -3.8394--04 I O.O000+00 I O.000E+00 I 57.69
I I -2.5711B-04 1 -1.1606E-04 1 0.OOOEi+00 1 0.0000H+00 1 57.69

6 1 -1.99473-04 1 -1.99473-04 I 0.00000E+0 I O.00003+00 I 65.24
L 7 1 -1.1606-04 | -2.5711B-04 1 O.O000+00 I 0.0000+00 | 43.23

8 1 3.8394B-04 1 -2.4289E-04 I O.00003+00 I O.O000+00 | 43.23
I 1 3.0053E-04 1 -3.0053B-04 I O.O00)E+00 I 0.00003+00 I 65.24 I .m
I 10 1 1.1606B-04 1 -2.57113-04 1 O.0000E+00 I 0.00003+00 1 -43.23 0

I11I 0.00003+00 I -2.8209E-04 I O.O000300 I O.00003+00 I 1.19983-05 1 A

12 I -2.8209B-04 1 O.O0003+00 I O.OOOOE+00 I O.0000+00 1 46.19 1
I 13 I 2.5711B-04 I -1.1606-04 1 0.O000E+00 ! 0.0000B+00 1 -57.69 I

14 i 1.99473-04 ! -1.9947E-04 ! O.OOOOE+00 I O.O000+00 ! -65.24 I
15 ! -2.5711B-04 1 1.1606B-04 I .00003.00 I 0.0000E+00 1 57.69 I
16 ! -1.9947E-04 ! 1.9947B-04 I 0.0000+00 ! O.O000+00 ! 65.24 1 z

! 17 ! 2.8209B-04 1 O.O000300 I 0O.000300 I 0.OOOO. 00 ! -46.19 I
! 18 1 -3.83943-04 1 2.4289E-04 ! O.O000300 ! 0.00003+00 1 -43.23 i -

I 19 ! -3.00533-04 ! 3.0053E-04 I 0.0000E+00 ! 0.00003+00 ! -65.24 V
1 20 1 -1.1606E-04 ! 2.5711E-04 I O.O000300 O.O000E+00 1 43.23 I

21 1 O.O000300 ! 2.8209E-04 1 O.OOOOE+O0 ! 0.00003+00 ! -2.8253B-05 A

1 22 1 1.9947E-04 ! 1.9947E-04 1 O.OOOOE+00 ! 0.0000E+00 1 -65.24 I
! 23 1 1.1606E-04 I 2.5711E-04 I O.O000300 I 0.0000E+00 1 -43.23

24 1 2.5711E-04 ! 1.16063-04 ! 0.0000B+00 ! 0.00003+00 I -57.69 1
25 ! -2.4289E-04 I 3.83943-04 ! O.OOOOE.00 I O.00000 I -57.69

1 26 1 3.00533-04 I 3.00533-04 ! O.O000+00 I O.00)E+00 I 65.24
27 ! 2.4289E-04 I 3.8394E-04 1 O.O000300 0.00003+00 ! 57.69 i

I 28 1 3.8394E-04 I 2.4289E-04 ! 0.00003+00 I O.O000300 ! 43.23

MACROSCOPIC STRESS FIELDI I
S S(1,1) - O.OOOOD+00 S(1,2) = O.OOOOD+00 S(1,3) = O.OOOOD+O0 I

S(2,2) = O.O00D.00 S(2,3) = O.OOOOD+O0 
S(3,3) = 0. 1000D+03 I

I !

MACROSCOPIC STRAIN TENSOR

3(1,1) - .OOOOD.00 3(1,2) = 0.OOOOD+00 3(1,3) = 0.OOOOD+00 !
E(2,2) = O.OOOOD+00 E(2,3) = O.OOOOD+O0 I

E (3,3) = 0.1786D-01 I
!. I

MICROSCOPIC STRESS FIELD I
! I

I ELE ! Sil I 822 S S33 1 823 I S13 I S12 I
------------------------------------------------------------------------ i

I 1I 1.531B-13 1-1.591E-14 1-2.691E-15 ! O.O00300 I O0.000+00 I 157. !
2 1 -32.0 1 16.0 I 3.48 1 0.000+00 1 O.0003+00 1 191.

I 3 I 66.6 1 0.745 I 0.745 I O.O00+00 1 0.000+00 1 165. I
1 4 1 113. 1 6.09 1 2.47 1 O.O00+00 I O.O003+00 1 148. 
I5 1 28.4 1 20.5 1 5.36 1 0.0003.00 I 0.0003.00 I 149. I

1 6 I 7.04 1 25.6 I 6.45 1 O.O00+O0 1 0.000B+00 ! 138. I
I 7 I 35.1 57.3 1 35.1 I O.00E+00 I 0.000B+00 I 46.4 I
I 8 1-2.2413-13 1-2.0133-14 1-6.913B-16 I 0.000E+00 I O.O00+00 I 157.
I 9 1 6.695B-15 I 3.112B-15 I 3.726B-15 1 0.000E+00 I 0.0003+00 1 25.2
1 10 1-1.0033-14 1-7.138B-15 I-6.523E-15 1 O.O00300 I O.O003+00 I 25.2



--, t i '1 -7.04 1 -25.6 1 -6.45 1 0..OOOE+00 I 0.OOOB+00 I 138.
1 12 1 -35.1 I -57.3 1 -35.1 1 0.OOOE+00 I 0.OOOE+00 1 46.4
f 13 1 45.6 1 27.9 1 27.9 I 0.OOOE+00 ! 0.OOOE+00 1 45.5
1 14 1 53.7 I 80.4 I 51.0 1 0.OOOE+00 I 0.OOOE+00 1 56.0
115 1 136. 1 145. I 107. I 0.OOOE+00 I 0.OOOE+00 I 38.4

I 16 I 160. 1 171. 1 126. ! 0.OOOE+00 ! 0.OOOE+00 I 46.6
1 17 I 149. I 141. I 110. 1 0.OOOE+00 I 0.OOOE+00 I 38.2
1 18 1 177. I 164. I130. ! O.OOOE+00 I 0.OOOE+00 1 45.4 V
1 19 1 84.6 I 57.8 1 54.1 1 O.OOOE+00 I .OOOE+00 I 56.0 0
1 20 ! 3.79 1 5.29 ! 3.45 1 0.OOOE+00 I .OOOB+00 I 24.1 I
1 21 ! -113. I -6.09 ! -2.47 I 0.OOOE+00 1 0.OOOE+00 I 148. I
1 22 1 32.0 i -15.0 ! -3.48 1 0.OOOE+00 I 0.OOOE+00 1 191. 1

23 ! -66.6 !-0.745 !-0.745 1 0.OOOE+00 ! 0.000E4-00 ! 165. 0
124 ! -28.4 1 -20.5 ! -5.36 1 0.OOOE+00 1 0. OOOE+00 I 149. m
125 1 -84.6 I-57.8 ! -54.1 I .OOOE+00 ! 0.OOOE+00 I56.0 I
I26 1 -3.79 1 -5.29 1 -3.45 1 0.OOOE+OO ! 0.OOOE+00 I24.1 M

27 ! 26.6 I18.3 ! 16.3 1 0.OOOE+00 ! 0.OOOE+00 I27.4 r,
I28 ! -26.6 I-16.3 ! -16.3 I0. OOOE+00 ! 0. OOOE+00 1 27.4 1 I

1 29 ! -149. I-141. i -110. 1 0.OOOE+00 1 0.OOOE+00 ! 38.2 I
I 30 1 5.72 ! 6.92 1 4.80 1 0.OOOE+00 ! 0.OOOE+00 1 24.2 m

! 31 ! 3.469B-15 ! 6.080B-15 ! 3.629B-15 I 0.000E+00 1 0.OOOE+00 I25.7
I 32 ! 10.4 1 37.8 ! 9.54 I .OOOE+00 ! 0.OOOE+00 I120.
1 33 ! 27.8 ! 45.3 I 27.8 I .OOOE+00 ! 0.OOOE+00 I30.3
134 I -2.60 1 14.4 I3.59 1 0.OOOE+00 I .OOOE+00 I178.

! 35 ! 68.1 i -10.9 I-2.16 I .OOOE+00 I .OOOE+00 I 174.
!36 I -20.1 I13.1 I3.11 I .OOOE+00 ! .OOOE+00 ! 188.

! 37 I85.7 I0.959 I0.959 I 0.OOOE+00 I .OOOE+00 I 144.
I 38 I-45.6 I-27.9 I-27.9 I .OOOE+00 I .OOOE+00 I 45.5
! 39 I-136. !-145. I-107. I .OOOE+00 I .OOOE+00 1 38.4
!40 I-53.7 I-80.4 ! -51.0 I .OOOE+00 ! 0.OOOE+00 I56.0
!41 I-177. I-164. ! -130. I .OOOB+00 ! 0.OOOE+00 I45.4

! 42 I-160. I-171. ! -126. I .OOOE+00 ! 0.OOOB+00 1 46.8
! 43 I-68.1 I10.9 1 2.16 1 0.OOOE+00 1 0.OOOE+00 I174.
144 I-85.7 i-0.959 !-0.959 ! 0.OOOE+00 ! 0.OOOE+00 1144.
I45 I 1.866E-15 1 3.464B-15 I2.025B-15 ! 0.OOOE+00 ! 0.OOOE+00 1 25.7
I46 I-5.72 ! -6.92 I-4.80 I .OOOE+00 I .OOOE+00 ! 24.2

1 47 I-27.8 I -45.3 I -27.8 I .OOOE+00 I .OOOE+0O 1 3(',3
! 48 !-10.4 I-37.8 ! -9.54 1 .OOOE+00 I .OOOE+00 1 120.
1 49 I-1.998E-14 I2.968B-15 ! 5.742E-16 I 0.OOOE+00 1 O.OOOE+00 1 ic8
I 50 ! 20.1 I-13.1 1 -3.11 ! 0.OOOE+00 ! 0.OOOE+00 I188.

51 1-1.770E-14 I1.124E-14 ! 2.661E-15 I 0.OOOE+00 1 0.OOOE+00 I158.
52 1 2.60 I-14.4 1 -3.59 ! 0.OOOE+00 ! 0.OOOE+00 I 178.

153 1 20.1 I -13.1 1 -3.11 ! 0.OOOE+00 1 O.OOOE+0O I 188.
I54 ! 1.381E-14 ! 1.159E-14 ! 3.014E-15 ! 0.OOOE+00 1 0.OOOE+00 ! 158.
155 ! 4.766B-16 ! 4.246B-15 ! 1.795E-15 1 0.OOOE+00 1 0.OOOE+00 1 25.7

56 ! -5.72 I -6.92 1 -4.80 1 .OOOE+00 I .OOOE+00 1 24.2
1 57 1 -10.4 I-37.8 I-9.54 I .OOOE+00 I .OOOE+00 1120.
1 58 I -27.8 I-45.3 I-27.8 I .OOOE+00 I .OOOE+00 I30.3
1 59 1 2.60 I -14.4 I-3.59 I .OOOE+00 I .OOOE+00 I 178.
I 60 I 1.154E-14 1 3.320E-16 1 9.269B-16 I .OOOE+00 I .OOOE+00 1 158.
1 61 ! -45.6 1 -27.9 1 -27.9 I 0.OOOE+00 I .OOOE+00 1 45.5
! 82 I -53.7 1 -80.4 I -51.0 1 0.OOOE+00 1 0.OOOE+00 I 56.0
I 63 1 -177. 1 -164. I -130. ! 0.OOOE+00 I 0.OOOE+00 1 45.4
I 64 I -136. 1 -145. I -107. I 0.OOOE+00 I 0.OOOE+00 1 38.4
I 65 1 -160. 1 -171. I -126. I 0.OOOE+00 I 0.OOOE+00 I 46.6
I 66 I -68.1 1 10.9 I 2.16 I 0.OOOE+00 I 0.OOOB+00 1 174.
I 67 1 -20.1 1 13.1 1 3.11 I 0.OOOE+00 I 0.OOOE+00 I 188.
1 68 1 85.7 I 0.959 1 0.959 1 0.OOOE+00 I 0.OOOE+00 I 144.
1 69 I 68.1 I -10.9 I -2.16 1 0.OOOE+00 I 0.OOOE+00 1 174.
1 70 1 -85.7 1-0.959 1-0.959 I 0.OOOE+00 I 0.OOOE+00 1 144.



! 71 I -2.60 1 14.4 1 3.59 I 0.OOOE+00 1 0. OE+O0 1 178. !
72 1 10.4 1 37.8 1 9.54 1 0.O00E+00 I 0.O00E+00 1 120.

I 73 1-1.127E-15 I 1.630E-15 1 1.913E-16 1 O.OOOE+O0 I .OOOE.+00 1 25.7 I
I 74 1 5.72 I 6.92 I 4.80 I O.OOOE+00 I 0.OOOE+00 1 24.2 I
1 75 1 27.8 1 45.3 1 27.8 1 0.OOOE+00 I O.O0+00 1 30.3 !
I 76 I -66.6 1-0.745 1-0.745 1 O.OOOE+00 I O.O0E+00 1 165. 1
I 77 I -113. I -6.09 I -2.47 I O.OOOE+00 I O.OOOB+00 I 148. 1
I 78 I -28.4 I -20.5 1 -5.36 I O.000E+00 I O.O0+00 1 149. 1
1 79 1 -149. I -141. 1 -110. 1 O.OOOE+00 I O.O0+00 I 38.2 I o
I 80 I 32.0 i -15.0 I -3.48 I O.O0E+00 I O.00E+00 I 191. I in

81 ! -84.6 I -57.8 ! -54.1 I O.O0+00 I 0.000+00 ! 56.0 I
1 82 I -3.79 ! -5.29 I -3.45 ! O.O00E+00 I O.0008+00 ! 24.1 4

I 83 ! -26.6 ! -16.3 I -16.3 I O.O0+00 ! O.0008+00 ! 27.4 o
1 84 ! 26.6 ! 16.3 1 16.3 I 0.O00E+00 I 0.O()E+00 I 27.4 r"X

85 I 177. I 164. ! 130. ! O.O008+00 1 O.O008+00 ! 45.4 ]
1 86 ! 160. ! 171. ! 126. ! O.O008+00 ! 0.000E+00 1 46.6 i
1 87 1 84.6 1 57.8 ! 54.1 I O.OOOE+00 1 O.OOOE+00 56.0 1r
! 88 ! 3.79 ! 5.29 ! 3.45 ! O.000E+00 ! O.0008+OC 2.4.1 I
I 89 1 149. I 141. ! 110. I O.OCOE+00 1 O.00E+00 1 38,2 Iz
1 90 ! 136. 1 145. 1 107. O.OOOE+00 I O.O00+00 38.4 "

I 91 1 53.7 I 80.4 ! 51.0 I O.000E+00 I O.O0E+00 ! 56.0
! 92 ! 45.6 I 27.9 ! 27.9 I O.O08+00 I O.O08+00 ! 45.5
I 93 ! 1.602B-13 1 1.008E-14 ! 3.866B-15 ! O.O00+00 1 0.000+00 ! 157. !
1 94 ! -35.1 I -57.3 1 -35.1 ! O.O0+00 ! O.OOOE+00 ! 46.4 !
r 95 1 -7.04 I -25.6 ! -6.45 ! o.o0+00 ! O.OOOE+00 1 138.
I 96 ! 6.847B-15 I 3.359B-15 ! 3.878E-15 ! O.O00+00 ! O.000)+00 I 25.2
I 97 !-9.876E-15 !-6.890E-15 !-6.371E-15 ! 0.000E+00 ! O.O00+00 ! 25.2
I 98 I 113. ! 6.09 1 2.47 ! O.OOOE+00 ! 0.000E+0 ! 148.
I 99 ! -32.0 ! 15.0 ! 3.48 ! O.O00+00 ! O.0008+00 ! 191.
1 100 ! 28.4 I 20.5 1 5.36 1 O.OOOE+00 ! O.OOOE+00 I 149.
! 101 I 35.1 1 57.3 ! 35.1 I O.OOOE+00 ! 0.000B+00 1 46.4 i
1 102 ! 7.04 ! 25.6 ! 6.45 I O.O00800 ! 0.OO)E+00 ! 138.
! 103 ! 66.6 ! 0.745 ! 0.745 ! O.O008+00 ! 0.000H+00 I 165.
1 104 !-2.169E-13 ! 5.861E-15 !-3.559E-16 1 0.O00E+00 1 0.000E+00 1 157. i
------------------------------------------------------------------------I I

STRESS FORCE

NODE X i Y I FX I FY I FZ
------------------------------------------------------------

1 I -3.8394B-04 ! -2.4289B-04 ! -73.58 I -35.83 i 0.0000+00
2 I -3.0053E-04 ! -3.0053B-04 ! -79.61 1 -75.55 I O.OOOOE+0 I
3 I -2.4289E-04 ! -3.8394B-04 ! -37.38 I -72.98 1 0.0000+00 1
4 I 2.4289E-04 ! -3.8394E-04 ! -37.38 I 72.98 I O.00008+00 I
5 ! -2.5711E-04 I -1.1606B-04 ! 13.77 1 90.93 I O.0000+00
6 ! -1.9947B-04 I -1.99478-04 1 79.91 I 75.98 ! 0.O0O0+00
7 I -1.1606E-04 I -2.5711B-04 I 97.17 I 18.03 ! 0.0000+O0 +
8 1 3.8394B-04 1 -2.4289B-04 1 -73.58 1 35.83 ! 0.OOXOE+O0 I
9 ! 3.00538-04 I -3.00538-04 ! -79.61 1 75.55 I O.OOOOE+O0 I

I 10 I 1.1606B-04 ! -2.57118-04 ! 97.17 I -18.03 I 0.0000E+O0 I
11 1 0-OOOOE+e00 1 -2.8209B-04 1 28.38 1 1.3210E-06 1 0.0000E+00 I

I 12 ! -2.8209E-04 I O.OOOOE+00 I 1.43188-06 1 40.39 I 0.0000+00 I
I 13 I 2.5711E-04 1 -1.1606B-04 1 13.77 I -90.93 I O.O00E+00 I
I 14 1 1.9947E-04 I -1.99478-04 1 79.91 1 -75.98 1 O.OOOOE.00 I
I 15 1 -2.5711B-04 1 1.16068-04 I -13.77 1 90.93 I O.O0008+00 I
I 16 I -1.9947E-04 1 1.99478-04 I -79.91 1 75.98 I O.O0008+00 I
- 17 1 2.82098-04 1 O.O000E+00 1 -1.43188-06 I -40.39 I 0.0000E+O0
I 18 1 -3.8394B-04 I 2.4289E-04 1 73.58 I -35.83 I O.O0008+00 1
! 19 I -3.0053B-04 I 3.0053E-04 1 79.61 I -75.55 I 0.00008+O0 I
. 20 I -1.16068-04 I 2.5711B-04 1 -97.17 1 18.03 I 0.00008+O0 I



1 "21 1 O.O000E+O0 1 2.8209E-04 I -28.36 1 -1.3219E-06 I O.OOOE+O0 I
17 22 1 1.9947E-04 I 1.9947E-04 1 -79.91 1 -75.98 1 O.OOOE+O0 I
[F 23 I 1.1606E-04 I 2.5711E-04 1 -97.17 1 -18.03 I O.OOOOE+00 I

- 24 1 2.5711E-04 I 1.1606E-04 1 -13.77 1 -90.93 1 O.OOOOB+00 I
1 25 1 -2.4289E-04 I 3.8394E-04 1 37.38 I -72.98 I O.OOOOE+00 1

26 1 3.0053E-04 1 3.0053E-04 I 79.61 1 75.55 I O.OOOOE+00 I
I 27 I 2.4289E-04 1 3.8394E-04 I 37.38 1 72.98 I O.OOOO+00 I
. 28 I 3.8394E-04 1 2.4289E-04 1 73.58 1 35.83 I O.OOOOE+00 I
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